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Preface

This third volume of the Global 2000 Study presents
basic information ("documentation" as it is termed
by moetkrs) on the long-term sectoral models used by
the U.S. Government to project global trends in popula-
tion, resources and the environment. These models were
the basis of the projections deve;oped for the Global
2000 Study.

Each of the sectoral models described in this Volume
is a Government developed or Government endorsed
model. Most of the models were developed directly by
Government agencies. Three of the modelsthe GNP
model, the nonfuel minerals demand model, and one of
the poptilation modelswere developed by non-Govern-
mental organizations, but have been applied or recom-
mended by one or more Government agencies as being
the- best models available for the particular types of
projections they provide.

Collectively, the sectoral models described in this vol-
ume are referred to throughout the Global 2000 Study
as the Government's "global model." This term is
more than a convenient means of reference. Collectively
the sectoral models described here provide the U.S.
Government with the same type of projections that
other global models provide their user3projections of
population, GNP, food, energy, minerals, water; envi-
ronment, etc.

The GovernMent's global model is different from
other global models in several ways. First, the sectors of
the Government's global =AO do not reside in a single
computer but are located around Washington (and in
other cities) in the computers of different departments
and agencies, and non-Governmental organizations.
The location of the sectors, however, is only a matter
of convenience. All of the sectorsincluding those that
are now only computational procedures performed with
a calculator or adding machinecould be placed in a
single computer without altering in any way their
functioning.

An important way in which the Goverment's global
model diffets from other global models is that there are
only very limited interactions among the sectors of the
Go'vernment's global model. In most global models, the
various sectors (food, population, energy, water, etc.)
interact extensively. In the Government's global model
intersectoral interactions are severely limited. Prior to
the Global 2000 Study the primary mode of interaction
among the sectoral models was not via a data channel or
magnetic tape, but via the Government Printing Office
(GPO). The departments and agencies made projections
with their sectors of the Government's global model,
and sent the results to GPO. Subsequently, GPO pub-
lished a report. Other agencies then purchased the

report and transferred the new sectoral projection into
other sectors of the Government's global model.

It is important to recognize that when the Government
departments and agencies designed or adopted the var-
ious sectors of the Government's global model, the sec-
tors were not designed to be used as a well integrated,
collective whole. Instead, it was assumedimplicitly or
explicitlythat each sector (and department) acted
more or less independently of the other sectors (and
departments), and that the glacial interaction of the sec-
tors through GPO was sufficiert..o insure the degree of
internal consistency needed for the Government's global
policy analysis. In recent years this assumption has
come increasingly into question. Few knowledgeable
anabsts now believe it acceptable, for example, to
assun t each and every sector will have access to all of

land, energy, water, and capital that it may need,
s an assumption inherent in essentially every sa-
le Government's global model, an assumption
.vs directly from the. lack of integration.

iiobal 2000 Study W AS able to increase slightly
-ee of integration in the Government's global

tr.Jdei ny accelerating and expanding somewhat the inter-
actions among some of the sectors. This process first
involved bringing people together. Prior to this study,
not one of the persons ultimately responsible for the
long-term global projections in any of the participating
agencies knew anyone wi;11 a similar responsibility in
any other agency. The Global 2000 Study identified
these people, brought them together, and found ways to
improve and increase the interactions among the sectors
of the Government's global model. The results achieved
described in Volume 2, especially in Chapters 1 and
14still fall far short of the interlinkages achieved in
many other global models.

It is useful to contrast Volume 3 with the model analysis
presented in Volume 2. Chapters 14-23 of Volume 2 were
written by the Global 2000 central staff and reviewed by
the agencies' modeling experts. These chapters describe
briefly each of the agencies models, emphasizing aspects
of the models that were important from the perspective
of the Global 2000 mission. The purpose of Chapters
14-23 is to discuss the degree to which the Government's
global model can be relied upon to produce a whole,
internally consistent set of projections.

The purposes of Volume 3 are quite different. First,
Volume 3 provides in a single volume the basic docu- '
mentation on the Government's long-term global sec-
toral models relating to population, resources, and the
environment. In some instances parts of these materials
were also presented in Chapters 14-23 of Volume 2 and
are repeated here to provide a complete volume of basic

V
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documentation. Second, it provides an explanation, in
the words of the agencies and institutions themselves, of
the structure of their models and the purposes for which
their models were developed. Third, it provides readers
of the Global 2000 Study with access to the basic mate-
rials that were used in writing Chapters 14-23 of Vol-
ume 2. By reviewing the material in this Volume and the
material in Chapters 14-23 of Volume 2, the reader will
obtain a general sense of the individual sectoral models
and the array (and, in some cases, disarray) of their
documentation.

Information on some of the topics that should be cov-
ered in the Volume could not be obtained, and as a result
there are several gaps. These gaps are of two kinds. First,
the Global 2000 Study's projections for technology, fish-
eries, forestry, water, and ,he environment are not based
on formal analytical models but rather on various other
techniques of scholarly research, as described in Chapters
19 and 23 of Volume 2, and there is no "model docu-
mentation" for these sectors to Present here. t This
volume therefore focuses only on the population, gross
national product, climate, food, nonfuel minerals, and
energy sectors. Second, even in these sectors where for-
malized methodologies and analytical models were
employed, there are occasional gaps in the available
documentation. These gaps are discussed in the text that
introduces the individual chapters.

To the fullest extent possible the documentation pre-
sented here is reproduced exactly as it was available to

-

'In some instances the basic documentation for a particular model is
printed in a volume containing other information In these cases only
the material most central ro understanding the model is included
here

tThe water projections are based in par on formal analytical tech-
niques The projections by Soviet hydrologist M 1 L'vosich are
based on analytical methods described in the English translation of
his work World Water Resources and their Future, National
Technical Information Service. Springfield. VA, 1976, pp 69-107
Unfortunately copyright laws prohibit reprinting the 1 'vovich
methodology here.

the Global 2000 Study team.* As will be apparent from
even a quick review, the documentation on the various
sectors of the Government's global model is of mixed
quality. If analytical models are to achieve even a f; ac-
tion of their potential for aiding policy analysis and plan-
ning, the quality of documentation must improve, and
so too must the extent and consistency of interactions
among the sectors of the Government's global model.

The Global 2000 Study has made important strides
toward these goals. The Government's data and models
have been evaluated and their gaps and weaknesses iden-
tified. In addition, for the first time experts responsible
for long-range global analysis and modeling within the
Government have been brought together to exchange
their knowledge and perspectives on global trends and
to begin developing the capacity to produce interactive,
internally consistent projections.

Thus the Global 2000 Study has set the foundation
for theconstruclion of the type of foresight capability
that the United States will need increasingly in the dec-
ades ahead. The task of strengthening this foundation
and building upon it should continue, ultimately draw-
ing together the best of what the Government and the
private sector have to offer in the field of long-term
analysis. It is with this task in mind that the material in
this Volume is presented in the framework of the Gov-
ernment's "global model."

A special note of thanks must be extended to Mr. Bardyl
R. Tirana, Mr. Clifford McLean, and Mr. George Divine
of the Defense Civil Preparedness Agency (later reorga-
nized as the Federal Emergency Manapement Agency) for
providing the funds for the preparation of this volume
of the Global 2000 Study.

Gerald 0. Barney
Editor and Study Director
January, 1981

§In one case some additional documentation became available after
completion of the Global 2000 model analysis. Reference to this
additional material is made in the text introducing the energy
chapter
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1 The Population Sector (Bureau of the Census)

Introduction

Two sets of population projections were developed
for the Global 2000 Study, one by the U.S. Bureau of
the Census (Census) and the otherat the request of the
Population Office of the U.S. Agency for International
Development (AID)by the Community and Family
Study Center (CFSC) at the University of Chicago.' The
CFSC projections were included because they are used
by the Population Office of AID to illustrate how effec-
tive, well-funded family planning programs might reduce
world fertility. Documentation for the population model
used by the Bureau of the Census is presented in this
chapter. Documentation on the CFSC model is presented
in Chapter 2.

Basic documentation for the Census population pro-
jection model is presented in the following section en-
titled "Population Projections.'" This section describes
several general methods by which the Bureau of the
Census develops population projections, and describes
specifically the cohort-component methodology which
was used to develop the Global 2000 projections.

In addition to the general information on the cohort-
component methodology, the Bureau of the Census pre-
pared more specific and detailed information on the
methods and assumptions used in developing the Global
2000 projections. This more specific information is pre-
sented here in two sections, "Projection Methods"' and
"Sources of Base Year Data and Projection Assump-
tions."' The second of these two sections provides detailed
rationale for the specific fertility, mortality, and migra-
tion assumptions that underlie the Census projections.

When the Global 2000 food projections were com-
pleted, they showed several countries in central Africa
experiencing a significant decline in per capita food con-
sumption. The Bureau of the Census was asked about
the consistency of its mortality assumptions vis-a-vis the
U.S. Department of Agriculture (USDA) food projec-
tions. Census replied by memorandum on December 15,
1977, indicating that, as best one can tell, the Census
and USDA projections are consistent. The memorandum
from Census is reproduced here.

The Bureau of the Census made a supplemental pro-
jection of world population through the year 2100 at the
request of the Global 2000 study team. This projection
assumes a continuation during the twenty-first century
of fertility and mortality rates projected in the Global
2000 medium case for the year 2000. The results of these
projections are presented here. It is interesting to note
that the annual percentage increase in the world's popu-
lation declines until the middle of the twenty-first cen-
tury, and then increases somewhat as the still rapidly
growing less developed country (LDC) populations be-
come a higher percentage of the world's population. In
this projection, the world's population approaches 30
billion by 2100, and the percentage of the world's popu-
lation living in LDCs increases to 94 percent.

The Bureau of the Census has an ongoing program of
updating its projections, and after the Global 2000 pro-
jections had been printed in Volume 2, Census developed
some updated figures for a few countries and a new total
for the world based on the updated estimates for the few
countries. The world total projected for 2000 is about 3
percent lower in the new projections. The updated infor-
mation is discussed briefly in Volume 1 of the Global
2000 Report and is presented fully here.

Finally, Census prepared several tables and graphs
comparing its projections and assumptions with those
of CFSC. These tables and graphs are presented in the
last section of this chapter.

References

1. See The Global 2000 Report to the President, vol 2, pp. 7, 502.
2. "Population Projections," in Henry S. Shryock, Jacob S. Siegel,
and Associates, The Methods and Materials of Demography, vol. 2,
Washington: Government Printing Office, 1971, pp. 771-806.
3. "Projection Methods," in U.S. Department of 1.7ommerce, Bureau
of the Census, Illustrative Projections of World Populations to the 21st
Century, Washington: Government Printing Office, 1979, pp. 13-15.
4. "Sources of Base-Year Data and Projection Assumptions," Appen-
dix B in ibid., pp. 93-116.
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Editor's note: This section is Chapter 24 in Henry S. Shryock, Jacob S. Siegel, and
Associates, The Methods and Materials of Demography, vol. 2, Washington: Gov-
ernment Printing Office, 1971, pp. 771-806.

Population Projections

INTRODUCTION

The Nature and Types of Population Projections
The distinction was made between projections and current

estimates in the previous chapter. As may be recalled, current
estimates make use of actual postcensal data from the recent
past in the form of vital statistics, tabulations from populati,n
registers, or statistics that are merely correlated with popu-
lation change. Where there are no such data, the current esti-
mate reduces methodologically to a short-range projection;
but even here account could be taken ofqualitative information
concerning, for example, a natural disaster, war, famine, epi-
demic, or mass migration. Conventionally, projections into
the future make no attempt to speculate about such possibil-
ities because they are essentially unforeseeable.

Although we think of projections as applying to future popu-
lation, the projection may also be into the past. There is some-

interest in historical figures for dates preceding the first
census. One way of making such a "precensal" estimate is to
project the population backward by essentially the same tech-
niques that are used for making forward projections.

The distinction should be made between projections and
forecasts.' When the author or the subsequent user of a projec-
tion is willing to describe it as indicating the most likely popula-
tion at a given date, then he has made a forecast. At the other
extreme, a model worked out to illustrate certain analytical
relationships, on assumptions that are described as highly
unlikely, would not be regarded as constituting a forecast of
future population growth. It is apparent that, in this usage, all
forecasts are projections but not all projections are forecasts.

Population projections, then, are essentially concerned
with future growth. They may be prepared for the total popula-
tion of nations, their principal geographic subdivisions, or
specif localities within them. Projections may also be prepared
for idence classes, such as urban and rural population and
stz -locality classes. The principal characteristics for which

.p tions need to be made_ are age and sex. Projections may
also be made for various social and economic subgroups of
the population and for other demographic aggregates. The
most frequently required and produced are projections of the
population in terms of (I) educational characteristics (i.e.,
enrollment and attainment), (2) economic characteristics (i.e.,
economically active population, employment distributed by
occupation or industry). (3) social aggregates like households

' John V. Grauman. "Population Estimates and Projtions" in Philip Mec
Hauser and Otis DuAley Duncan led 1, The Study of Population. Chicago,
University at Chicago Press. 1959. pp 544.575: and Irving Siegel. "Tech-
nological Chimp and LongRun Forecasting." Journal of Business,. 2601.146,
July 1953.

2

and families. This chapter is concerned with projections of the
total population of countries and their geographic subdivisions
and with projections of the age and sex distribution in such
areas. Other types of demographic projections are considered
in appendix A.

Uses or Population Projections

The principal uses of population projections and other
demographic projections relate to government or private
planning. Demographic projections may be used directly ty.
as the basis for preparing other more specialized types of
projections. These include, for example, projections of the
expected number of retirements from the labor force in a given
period. and of the required number of teachers or classrooms,
housing units, medical personnel and facilities, etc. The users
include national and local governments, business firms, labor
unions, university research centers, and social service organiza-
tions. A fairly detailed discussion of these uses and users is
given in a recent publication of the United Nations.' The less
advanced countries of the world have recognized the necessity
of making concrete, comprehensive plans for achieving specific
goals of public policy related to accelerating their social and
economic development. A first step in planning is to study
relevant aspects of the population and economy both at the
present time and in the recent past. As the United Nations
notes, "such study provides a basis for projections represent-
ing plausible future courses of development under the assump-
tion that future conditions will evolve in an orderly' manner
from those of the present and past." In addition to the uses
in the field of planning, there are important uses in demographic
analysis and related types of scientific studies.

PROGRAMS OF POPULATION PROJECTIONS

International Programs

Some of the international agencies have both compiled and
published national population projections and made their own
projections for the world and regions. They have provided

United Nations, General Principles for National Programmes of PopulationProof Pons lit Ards to Development Planning, Series A, Population Studies.isto tg, 1965
Ibid. p. 2

Nora This chapter makes substantial us of Background Paper WPC/WP/
454, Prole< dons of the Total PopulaRon and of Age-Sex Sow tare, by Henry S
Shryock. Jr . and Background Paper WPC/W 1494. Projections of Urban and
Rural Population and Other Socio-Economk Chararteristies, by Jacob S. Siegel,
both prepared for the United Nations World Population Conference. Belgrade.1965
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leadership in many aspects of concepts and methodology and
have published a number lf instructional manuals.

The United Nations has published two comprehensive sets
of population projections for the countries of the world, one ,n
1958 and another in 1966. The later report presented projec-
tions of the total population of the world, major areas, and
regions for 1960 to 2000, and projections of the total popula-
tion of each country for 1960 to 1980.1 These projections take
into account the results of censuses taken in many countries
in 1960 and 1961. The 1958 report also presented projzctions
of the future population of the world, regions, and countries,
but on the basis of the censuses taken around 1950.3 For
various dates between 1954 and 1959, the United Nations also
published rather detailed projections by sex and age groups
for certain regions and countnes, particularly in Central and
South America and Asia.' Earlier, the League of Nations had
sponsored the publication of a set of comparable projections
for the countries of Europe and the Soviet Union.?

Projections for groups of individual countries have been
compiled by various international regional agencies OEEC
(OECD), IASI, ECL A, CELADE, the Canbbean Comis-
sion." The regional Demographic Training and Research Cen-
ters of the United Nations, which may work in cooperation
with various national agencies or universities, have produced
sets of projections for some of the countries in their region. For
example, CELADE, which is jointly sponsored by the Uni-
versity of Chile, has published projections for many countries
of Latin America.

Other sets of projections for groups of countries have been,_
prepared by individual governmerts or private organizations or
offices.* The United Nations has not presented in the Demo-
graphic Yearbook a compilation of population projections made
by national agencies.

Comparability. International agencies have not made direct
recommendations regarding the specific form and methodology
of projections to their member countries, or set standards of the

' United Nations. World Population Prospec is us Assessed in 1963, Series A.
Population Studies. No 41, 1966

United Nations, The Future Growth of World Population. Sees A. Popula
Lion Studies, No 28. 1958 Earlier sets of world population projections were
published by the Unitsd Nations in The Past and Future Grov,th of World
Population A LongRange View," Population Bulletin, No ), 1952, and
"Framework for Future Population Estimates, 1950-80. by World Regions,"
Proceedingt of the World Population Conference. 1954 (Rome), Vol III. 1955

.` United Nations. The Population of ( entral Amen( it Gni hiding blexii
1950-80, Senes A. Population Studies, No 16. 1954, The Population of South
Americo, l950-80. Senes A. Population Studies. No 21, 1915, The Populatiol
of South-East A sio (including Ceylon and China Taiwan), 1950-80, Senes A.
Population Studies. No 10. 1919, and Thr Population ey 4sui and the Far East
1950-80, Senes A. Population Studies No II. 1959

I Frank W Notestein et al he FUMY/ Population of Europe and the Soviet
Union Population Projectiont. 1940-70 Geneva. I eague of Nations, 1944

"Organization for European Economic Co-operation. Demographic Trendy in
Western Europe and in the United .States. 1956-76. Pans. 1961. Organization
for Economic Co-operation and Development. Demographic ?rends in Western
Europe and North .4mercra 165-170, Pans. 1966. Interamencan Statistical
Institute, Panamencan Um, imrrot a en dim 1969 Prove(lion de la pobla
cum por seri, y grapes de edad, 1961-81 (America in figures, 1969 Proje( non
population by set and age, 1961-81). Washington. D C . 1969. Canbbean Com-
mission, The Demographu Problems of the Area Served by the Caribbean Com-
mission Projections prepared for the Technical Conference on the Demographic:
Problems of the Area Served by the Canbbean Commission, Port of Spain. Tnni-
dad, July 25-Aug 2, 1917

France, Service de cooperation, Institut national de la statistique et des
etudes economiques. Persprrines de population dam let oast ofrirains et
Malgarhe &ees:ton frontline, Etude de svnthise des enquires demographi-
ques rerentes (Prole( lions of population in the Fren( h-speulang a ountnes of
Africa find the Madagi.scur region), Pans, December 1963. U S Bureau of the
Census. International Population /lemony. Series P-90 and P-9I. Nathan Key-
Biz and Wilhelm Pheger, World Population An Analvsit of Vital Data. ( hicago,
Ill. University of Chicago Press, 1968. and Nathan Keyfitz and Edmund M
Murphy, Comparative Demographtc Computationt. Population Research and
Training Center, University of ( hicago. 1 -sago. III . 1964

I (1

type found in the case of censuses and vita! statistics. The
United Nations has set down some guiding principles, however,
noting that "both the requirements of population projections
and the available resources to satisfy these needs differ from
country to country, and uniform prescriptions would not be
suitable for all countries; therefore, . . . guiding principles

. . are formulated in such a way that they can be adapted in
each country to nationat needs and available resources. These
principles will also help to achieve as much international com-
parability of projections as is compatible with existing differ-
ences in national needs and resources." '°

The national projections prepared by national agencies have
beef assembled in unified reports issued by international
organizations or. various occasions, and these sets of projec-
tions have followed common guidelines in varying degrees."
The national projections made according to a common set of
assumptions and methodology by a single agency or office are
much more likely to be comparable, however." Even here,
however, comparability is affected by differences in the avail-
ability and quality of the basic national data. In fact, a uniform
methodology tends toward the least common denominator
of what is available. The dilemma then is whether to have more
regard to uniformity or to the inclusion of those individual
projections that are noteworthy for sophistication of assump-
tions, dat:, and methodology. The most recent study of world
population prospects by the United Nations attempts to
embrace the best features of both approaches.'s The population
models developed at the United Nations also provide a unifying
framework for assumptions concerning future trends in the
components of population change. Underlying these models,
there seems to be a theory of demographic transition, although
Grauman and others have characterized the demographic
transition as one of the discredited laws of population growth.
In a very general way, there does seem to be such a phe-
nomenon although demographic changes in a given country
may not conform very closely to any of the models.

National Programs
The best sources for the population projections prepared by

national governments are the publications of the governments
themselves. As was mentioned in the preceding section, some
of these projections have been included in international
compilations although in these compilations they have often
been abridged in detail or even adjusted in some fashion in the
interests of comparability. The scope of national population
projections programs varies enormously in respect to resources
devoted to them, frequency and detail of the projections, and
the kind of publication, including the extent of the explanation
of the methodology and assumptions, the analysis of the results,
and the interpretation of the future trends implied.

As far as the dalculations themselves are concerned, the
methodology, computational procedure, and the detail of the
resulting figures will depend upon a number of factors, includ-
ing particularly the needs of the national government and of

'° United Nations. General Prim toles for National Programme% of Population
Profecisont as Aids to Development Planning. P. I

" See. ir example. Organization for European Economic Co-operation, op
Let

France. Institut national de statistique et des etudes Economiques, op cit
Keyfitz and Fheger. op cit , Keyfitz and Murphy. op cit , Notestein et al,
op cit . various United Nations publications cited

United Nations, World Pooulation Protperts as Asserted in 1963. PP
44-41

rauman, op cit., p 511
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various sectors of the general public (which will affect the
resources to be devoted to a program of population projec-
tions), and the availability of time, basic data, trained demog-
raphers, electronic computers, and competent programmers.
Rather elaborate sets of projections from the standpoint of
the number different series published 'n'Pre made even in
the days bef the electronic computer, however. The 16
series of projections made in the 1940's for the Royal Com-
mission on Population (Great Brita.n) were all done on desk
calculators, as were the 12 series of U.S. projections made by
Thompson and Whelpton for the National Resources Planning
Board.'5 Nowdays, the elaboration of the work is likely to
come in terms of the specificity of the "input" data (disaggrega-
tion in terms of race, marital status, parity, cause of death,
etc.) and the detail of the "output" data rather than solely in
the number of combinations of assumptions

Many countries have recently pioduced their first official
populatir projections, often as a basis for their formal plan
of economic development. Other countries have previously
produced one or more sets of projections and their program
involves updating the figures from time to time, taking account
of the rapidity with which the demographic situation is ^hanging
and particularly the suspected occurrence of a turning point in
previous trends. Some countries change their project.)ns at
frequent intervals if they are repeatedly getting out of line with
actual demographic developments.

Although virtually never does more than one national agency
in a country take a census or register vital events, it is not
unusual for more than one agency to prepare the same type of
population projections or projections of such demographic
aggregates as the labor force, the population attending school,

or skilled manpower. In other countries, several agencies may
have a division of labor with regard to these different kinds of
projections. In still other countries, the responsibility for pre-
paring official projections of various kinds may have beers
assigned to a single agency Sometimes the work of oreparing
official projections may be contracted to a person or organiza-
tion outside the national government. An example of such an
arrangement involving an international agency was mentioned
above (i.e., League of Nations).

The projection.; differ from one country to another as to the
method employed. This method may often involve the separate
projection of the components of migration, births, and deaths,
particularly where adequate vital statistics are available. For
a given country alternative projections may be derived with
different assumptions as to migration, or fertility, or mortality,
or a combination of these components.

Tables 24-1 and 24-2 provide illustratuns of official
projections published by national agencies in the less developed
countries. Table 24 -I giVes a summary of projections for Pakis-
tan according to three assumptions regarding future fertility
after 1960 -(1) constant fertility: (11) constant fertility antil
1970. then 30 percent linear decline to 1985, constant there-
after, (112) constant fertility until 1965, then 50 percent linear
decline to 1985, constant thereafter. Panama's projections also
employed three fertility assumptions after 1960 - (1) increasing
fertility, ( II ) constant fertility, and (III)I ) decreasing fertility (table
24-21. Projections of age-sex distributions usually accompany
projections of the total) population in national reports. Less
commonly, the reports include projections of various charac-
terist.cs of the population, such as urban and rural and eco-
nomically active populations

Table 24-1. - Projections of the Population of Pakistan by Sex According to Three Assumptions
Regarding Fertility: 19,65 to 2000

[In thousands. Midyear population]

Sea and assumption 196(1 I 8.,, 19'0 19'5 1980 1985 1)90 1995 200)
-I-

BOTH SEXES

Assumption I 97,720 113,948 134,939 163,027 200,009 247,254 305,767 378,718 470,546Assumption II ,7,720 113,948 134,939 159,696 188,328 219,903 25 3,704 305,141 359,413Assumption III 97,726 113,948 131,667 151,582 .172,984 193,810 218,515 246,471 276,874

11/J-E

Assumption I 50,455 58,881 69,652 83,963 102,746 126,728 156,476 193,618 240,421Assumption II 50,455 58,881 63,652 82,261 96,764 112,714 132,359 155,915 183,478Assumption III 50,455 58,881 67,981 78,107 88,906 99,346 111,770 125,858 141,197

MALE

Ammiption I 47,265 55,067 65,297 1 79,064 (7,263 120,525 149,291 185,100 230,125Assumption II ' 47,265 55,367 6,297 79,437 91,564 107,189 126,345 109,226 175,935Assumption III 47,265 55,067 L 63,686 73,475 84,078 94,464 106,745 120,613 135,676

Source AL:apted from. Pakistan : istitute of Development Econo Populaton Prop.( lions for Pulaski?' 1960 -2000, by I et L Bean, Masthur Rahman Khan.
and A Rarraque Rukanuddin. Karachi, January 196A, table V, p 28

3 United Kingdom. Royal Cor mission o" Population, Papers of the Royal
Commission on Population, Vol 111. Reports and Sete( led Papers tithe Statism I
( (minima. tAndon. H M Stationery Office 1950. and U S National Resources
Planning Board. Estonates n1 Future Population of the Untied Storm, 1940-
2X0/ by Warren S Thompson and Pascal K Whelpton, August 1943

it
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Table 24-2. - Percentage Distribution by Broad Age Groups of the Projected Male and Female
Population of Panama, According to Three Fertility Assumptions: 1960 to 1980

Age group
Male Female

1960 1965 1970 1975 1980 1960 1965 1970 1975 1980

ASSLIMPTION I
..

Total 1.e0.0 100 s_ 0 .1.00 0 1_00.0 100.0 1 .0 100.0 100,0 100.0 MA
Under 15 years 43.32 43.98 45.07 46.04 46.72 43 9 44.14 45.03 45.85 46.4115 to 44 years 41.48 40.67 39.82 39,38 39.39 41 8 41.16 40.40 39.98 39.445 to 64 years 11.67 11,72 11.59 11.04 10.19 11 03 11.02 10.96 19.62 10.0265 years and over 3.53 3.63 3.52 3.54 3.70 60 3.68 3.61 3.55 3.66

ASSIMPTION II

Total 100.0 100.0 100.0 100.0 100.0 1 0 3.00.0 100,0 100 0 ou0
Under 15 years 43.32 43.90 44.81 ' 45.49 45.68, 43.59 44.08 44.78 45.31 45.57
15 to 44 years 41.48 40.72 40.00 39.78 39.99 41.'78 41.21 40.58 40.38 40.52
45 to 64 years 11.67 11.74 11.65 11.13 10.37 11.03 11.03 11.01 10.73 10.18
65 years and over

swarms III
3.53 3,.4 3.54 3.58 3.76 3.60 3.68 3.63 3.58 3.73

Total 100.0 100.0 100.0 100.0 100,0 100,0 100.0 100.0 1004 100.0
Under 15 years 43.32 43.80 44.44 44.71 44.69 43.59 43.97 44.40 44.54 44.38
15 to 44 years 41.48 40.79 40.27 40.35 .40.84 41.78 41.29 40.86 40 95 41.38
45 to 64 years 11.67 11.76 11.73 11,31 10.62 11,03 11.05 11.09 1 0 . 88 10.43
65 years and over 3.53 3.65 3.56 3.63 3.85 3,60 3.69 3.65 3.63. 3.81

Source Adap.ed from. Panama. Direccion de estadistica y censo. Evoth.stua Panumeita, SiMlement, El (recuatenso de la poblocson Panarneito en ripened°
1950 a 1980 (Growth of the population of Panama in the period. 1950 to 1980), by Vilma N Medical, Panama. 1966, table 42. p 54

Programs of State and Local Governments 2nd of Private
Organizations

In some countries, where many planning activities are carried
out by state (or provincial), regional, metropolitan. or local
agencies, a very large number of demographic projections may
be produced and even published. These vary greatly in so-
phistication and form of presentation. Universities, private
research institutes, and business organizations have added
the volume of available projections. An indication of the kinds
of State and local agencies in the United States that prepare
population projections was obtained as a by-product of an
inventory conducted by the Bureau of the Census regarding
programs of current population estimates."

The pioneering work of Warren S. Thompson and P. K.
Whelpton of the Scripps Foundation in developing the compo-
nent method has had an enormous influence on subsequent
work around the world. Their Projections for the United States
were adopted as the official t Government projections in
the 1930's and early 1940's; however, by the midfortie.- the
method and the official responsibility for prepanng projections
were taken over by the Bureau of the Census. The Scripps
Foundation returned to this field in the late fifties and sixties
when Whelpton and his associates developed projections of
the U.S. population on the basis of fertility "expectations"
data obtained from the Growth of American Families Studies.
In an earlier generation, the logistic curie, promoted by
Raymond Pearl and Lowell J. Reed of Johns Hopkins Uni-
versity, was a tool widely used by demographers and others
in the projection of future population growth, both in the
United States and abroad (ch. 13).

U S Bureau, of the Census. C urreni Population Reports, Series P-25,
No 328. "Inventory of Stir/ and Local Agencies Prepanng Population Est,-
mates Survey of 1965." Match 8, 1966

GENERAL ISSUES AND PRINCIPLES

The Framework of Assumptions

Bask Assumptions.- It is almost commonplace to preface
published projections with a statement that it is assumed that
the area will not be visited by a war or a natural disaster.
Furthermore, no attempt is made ordinarily to allow for future
economic fluctuations of a cyclical nature. Of course, the age-
sex structure of the population, the marital status and cumula-
tive fertility of its women, and other measures of its current
demographic status reflect the impact of such events in the past.
The reports presenting the projections do sometimes state that
conditions of nearly full-employment are expected to continue
or that the gross national product is expected to increase at a
given percentage per annum-even though relatively little is
known about how variations in these economic phenomena
affect population growth.

Number of Series and Combination of Assumptions. - Bectuise
of the evident uncertainties regarding future population
changes. it is desirable to present more than one series of
projections, in the case of both national projections and
subnational projections. These may represent combinstiotts
of multiple assumptions concerning one or more of the compo-
nents of population change. For example, there may be high,
medium, and low assumptions for mortality and fertility. The
high assumption may represent constant mortality or fertility;
o; all assumptions may call for decline and the variations may
relate only to the date of onset or the rate of decline. In our
era, increases in these components are regarded as very un-
likely in many countries.

The various combinations of assumptions regarding fer-
tility, mortality, and migration may give rise to a very large
number of series of populatien projections. The 16 projection
series published by Great Britain's Royal Commission on

1 2
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Population, mentioned above, were chosen from 250 possible
combinations. All the published projections were described
as reasonable possibilities; the other combinations were not
worked out became particular levels or trends of mortality
did not seem compatible with particular levels or trends of
fertility. Thus, it would be very unlikely that expectation of
life at birth would rise to 70 and continue at that high level
while fertility remained constant, say at it total fertility rate
of 6.0. Such combinations have never been observed in demo-
graphic history; and they would imply remarkable incon-
sistencies with regard to modernizing developments in the
fields of medicine, public health, economic development, and
attitudes toward marriage and the family."

One series may be designated as "most probable" or as .
"bes! judgment" series. This usage indicates that an effort as
being made to "forecast" and not just to "project." The
medium or .entral series is ordinarily taken to be the most
probable series. If only three series are prepared, the distri-
bution of the high and low series about the medium series
does not have to be symmetrical, but the usefulness of the
projections is enhanced if the series are at least roughly sym-
metrical. The ranze from the highest to the lowest of the
"reasonable" series presented may be regarded as a rough
indicator of the degree of uncertainty regarding future popula-
tion change. It is doubtful whether the range should be inter-
preted in a probability sense, however. -See the discussion
below of the accuracy tit projections.) One series -nay usefully
be included in a set of projections whih represents a "con-
tinuation of. current levels." When we apply this general as-
sumption to fertility, we have to choose among the severe
ways of measuring the level of fertility as well as the calendar
year r group of years which is "current."

Prindpal and Analytic Series. -The series we have just
described may or may not all represent reasonable possibilities.
Assumptions or combinations of assumptions regarded as very
unlikely of attainment may be presented for their analytical
value or to set an upper or lower limit within which population
growth is virtually certain to remain. Series I of the projec-
tions made for the United States in 1958 represdts an ex-
ample of the latter type." Another example is provided by the
projection series for South Korea that was based on the
assumption of the continuation of current mortality and
fertility levels. The report noted that the assumption is not
realistic, but-it was included because it provided a useful bench-
mark against which toiheasure the effects of declining mortal-
ity." The difference between the series allowing for declining
mortality and the model analytic series assuming constant
mortality would represent the effect of declining mortality.

As suggested above, in these and other examples, certain
series may be characterized as reasonable possibilities and
others as -unreasonable possibilities. A more explicit way of
distinguishing the two kinds of projections is to include some
or all of the former as "principal series" in the regular tables
of the published report and to place the latter in an appendix
as "anaiytic seats," including any series that were elaborated
simply to serve as a benchmark for the other series. An
appendix may also include reasonable series which represent

"United Nations, Wort,' iodation Prospects as Assessed In 1963. pp 47-45
is U.S. Bureau of the ( a, Current Pope/talon Reporti. Sens P-25. No

1117, "Illustrative Projectiot... of the Population of the United Slates. by Age and
Ste: 1960 to 1980," Nov. 10, 1958

*Republic of Korea. Economic Planning Board. Thr New Populatfon Prix
Argos, Jim Kona: 1960-2000, Seoul. 1964. p 39

in'. tredi to ssumptions, senes derived by a method that
still tmi- n experimental stage, etc.

Length of Projection Period

Projections may extend for varying numbers of years into
the future depending upon the type of area in question, the
needs to he served, the conception of the problem by the
analyst. and the available resources. Projections made nearly a
century ahead by the U.S. Social Security Administration, as a
basis for the long-range cost estimates of the social security
system of the United States, represent one extreme." The
projections for Great Britain made for the Royal Commission
on Population also extended a century ahead, covering the
period 1947 to 2047. Projections of just a few years used for
short-term economic analysis represent the other extreme.
Lohg-t:srm projeLtions (over 25 years) are needed in connection
with the development ofwater and forestry resources, major
transportation and recreational facilities, and planning for pro-
vision of food, whereas otily middle-range projections (10 to
25 years) are required for planning educational and medical
facilities and servizes, and housing needs. Relatively simple
methods may be used both for short-range projections (under
10 years) and for the extensions of middle-range projections
beyond 25 years. For projections up to 25 years ahead the more
elaborate methods are usually employed and are recommended.
Differences in the accuracy of national and subnatiortal pro-
jection:: suggest that, in general, the latter be extended for sub-
stantially fewer years info the future (see below).

Frequency and Nature of Revision
There is, in general, a real problem as to how often an orga-

nization should revise its projectior.s and how fundamental the
changes should be. Primary factors pertinent to these decisions
include: (1) The extent to which the present projections are out
of line with current estimates, (2) the mere passage of time, say
a few years, during which at :east some of the series of projec-
tions must deviate from the current estimates, (3) the avail-
. Salty of additional data, not only for more recent periods but
also (mare refined data) for earlier years, (4) edvances in meth-
odology. Secondary factors include ( I) the availability of re-
sources and (2) the need to meet an established publication
sche .ie. The revision may consist of merely "splicing in" ad-
justed projections for the next few years or of making a sr.
absolute or ratio adjustment of all the original projections, in
order to make them consistent with newly available current
data. In such cases the basic assumptions are not othery se
modified. In other cases, the most recent data may suggest the
need for major modifications in the basic assumptions and
hence a recalculation of all the projections.

Detail of Presentation

National reports on population projections will differ greatly
in the detail shown, but they should be fully informative as
to how the projections were made. In addition to the principal
series, the report may usefully present a number of supple-
mentary series; including additional combinations of the basic
assumptions and analytic series. Single ages or broad age
groups and annual or quinquennial figures may be presented,
depending on the-quality and need for the figures. When there
are many series, the age or chronological detail may be abridged

9' U S Social Secunty AdminictrAtion. Office of the Actuary. "United States
Population Prorecttom for 0 SDHI Cost Estimates by Francisco Bay°.At MUM! ,Ni. 62, December 146fi
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for those series that are not considereo the principal series.
The text should fully discus- the choice of assumptions, the
methodology, the resulting projections, and even their implica-
tions. It is useful also to present the relevant information on
the past trends of the components of population change which
were taken into account in choosing the assumptions, the
implied birth and death rates at future dates, and other demo-
graphic summary measures

METHODOLOGY

Some Methodomgica7 Principles

f rom the above discussion of principles, several conclusions,
or indeed recommendations, regarding methodology emeile.
The choice of methods, although affected by the other con-
siderations mentioned, should be determined primarily by the
data available. The availability of adequate statistics on the
age-sex distribution of the population and of adequate statistics
on age-sex-specific fertility and mortality ordinarily cal for a
cohort-component method. Using theoretical mo Is, the
cohort-component method may also be employ without
benefit of recorded age detail for fertility and mo ality. Even
if there are some defects in the basic data, how ver, it may
often be advisable to adjust the data rather tha have
recourse to a more theoretical model. More time may then
need to be spent on evaluating and adjusting the basic data
than on comouting the projections.

The trend toward refinement of the methodology of popu-
lation projections has led to increased specificity of the as-
sumptions and the estimation categories on the ground that
more accurate assumptions can be made for those more specific
categories. The impetus toward specificity derives in part
from the thesis that the quality and usefulness of projections
will be enhanced by employing a method whose steps parallel
the order of events in teal life. This principle le ds to the use
of methods based on birth or marriage cohort d specific
rates for the frequency of events affecting th se c .qri S as
they progress through life In its fully developed form we-Eilir
a population model.

In order to take advantage of the n.ost up-to-date knowl-
edge of recent events, the benchmark of the projections should
be the latest postcensal estimates (including sc -nple survey
estimates) or, failing that, the latest census counts. There
would ordinanly be only one set of population figures at e
benchMark date; however, if the current estimates are o-
ject to considerable error, including sampling error, a rarKi
of estimates may be employed. For later dates, there shout'
be at least two pnri( ?al projection series. Moreover
various series in a single set of projections should coot( .

to some general system of projections, permitting easy com-
parison of the assumptions and results. Finally, the assump-
tions of each principal series should be mutually consistent
and should not represent an unreasonable combination of
developments.

Classification of Methods
The methods of making projections may be classified in a

num of different :rays. One possible way is to distinguish
those that can be applied independently to any type of area
from those that are dependent on or require antecedent pro-
jections for other areas. The latter class of methods includes
(1) summing of projections, as in the case of adding country
projections to secure regional or world population totals.
(2) obtaining a projection for one area on the basis of changes
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in some other similar area or more inclusive area for which a
projection is already available. The latter procedure covers a
wide range of techniques; e.g., distributing the projected
population of an area among its subdivisions taking account of
the past proportionate distribution (ratio methods) and pro-
jecting the components of population change for an area on
the basis of changes in these components for a similar area or
more inclusive area for which such projections are already
available Most typically, the independent methods are applied
in the case of national populations, but they could be employed
to project the population of any type of area from the world
total to a particular locality. These methods include mathe-
matical methods and component methods applied at any
geographic level, but particularly at the national level. Even
here the results over a number of areas may be adjusted to
population figures for a parent area. In 'act, it is a principle
of population projections to extend the degree of interdepend-
ence where possible to assume consistency of assumptions
and results for the various areas for which projections are
being prepared.

Another typology of the methods distinguishes among mathe-
matical and ratio methods, various methods using a series of
indicators of population change, component methods, and
combinations of these. The mathematical methods employ
relatively simple mathematical equations to describe the
nature of future population change of an area, taken as a whole.
The component methods involve the separate. projection of
mortality, fertility, and net migration. The methods using
indicators of population change embrace a variety of pro-
cedures, some estimating total population directly, others
estimating net migration only, which is then combined with a
separate estimate of natural increase. The indicators (e.g.,
employment, per capita income. etc.) may he used to project
population or net migration by a regression or a ratio procedure.

The description of methods will begin with those methods'
applicable to national populations. It is convenient to con-
sider the projection of the age-sex distribution of national
populations at the same time because the totals ale often
obtained by summation of projections for age groups. Projec-
tions for the principal geographic subdivisions of countries
are then considered. Again, projections of the age-sex distribu-
tion for such areas are considered at he same time. As men-
tioned earlier, projections for ecrui i social and economic
subgroups of the population, inclartg urban and rural groups,
the enrolled population, and the labor force, and for social
aggregates like households and families are considered in
appendix A. These are often derived from prior population
projections for the area containing the subgrot.ps, but the
process may be reversed, -ith the projection for the total
population being obtained by summation over a set of projec-
tions for the subgroups or by ratio estimation from the pro-
jections for social aggregates.

National Projections of Total Population and Age-Sex
Composition .

Methods of preparing nation"' projections of total popula-
tion fall very simply into twc classes, mathematical methods
and component methods. As is indicated later, the component
method is usually the method of choice, but there are many
variations of the component method and results may differ
substantially from one variation to another. Mathematical
and component methods may also be employed as principal
methods of preparing projections of age-sex distribution for
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countries 'They may he combined with ratio procedures as
subsidiary elements in the method, as, for example, when the
percent distribution of a population by age is projected by a
mathematical formula. The component method is also the
method of choice fur preparing projections of age-sex distribu-
tion, this is so even when very limited historical data on
components or component data of doubtful quality are avail-
able. In the latter situation, these data must first he corrected
before the actual projections are calculated.

Mathematical Methods. Mathematical methods are simplest
conceptually, usually require relatively little time to apply,
and historically antedated ter use of component methods The
mathematical methods involve application of some mathe-
matical formula directly to the total population from one or
more censuses, to derive projections of total population. The
mathematical equations useful for prepanng projections
correspond to those described in chapters 13 and 22 for
measuring population change or for extrapolating time series.
The number of mathematical forms that could be used to
project population could be extended far beyond those cited
there, but very few of these are actually employed. For pro-
jecting total population, noly nomial forms, including linear
extrapolation. have Intl:: application, especially over the
long-term. Various exponential forms are widely used, how-
ever. These include the geometric curse, with I al annual or
(1b) continuous compounding. and 12a or 2h) the logistic curve

or

or

-P( I +rr
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(2h)

where r is the growth rate. t is the number of years, a and h
are. con.tants, and c is the base of the natural system of loga-
rithms. In (2). the constant lia or K is the upper asymptote

For making a population projection. one may apply equa-
tion (la) or ( :b) either by using the latest intercensal rate of
change, the average rate over a longer period, or an arbitrary
rate, or by fitting a curve by the method of least squares to
a series of census totals Since growth rates are likely to change
in the long term, these formulas are recommended for use
only in making short-term projections

Fitting a logistic curve is a more complicated procedure and
requires a greater number of observations covering a longer
period. At the same time, it is useful for projection over a
greater period of years than the simple geometric procedures,
particularly if the past series has reached the point of inflexion.
fhis form of projection overcomes a principal weakness in
the use of the geometric rate, namely, the possibility of ob-
taMing extremely large population figures after a short period
The logistic growth model has a finite upper 'Min with steadily
decreasing rates of growth. The logistic curve occasionally
seems to fit the growth history of a country, or at least a
segment of a country's growth history, and hence should he
applicable to projections for these countries. It has, in fact,
been employed to make projections for a number of countries,

especially in the Americas and in the years before World
War 11.2' The difficulty is to select the ,ountnes and the
periods in the countries' history. The procedure for fitting a
logisti: curve to a series of population totals was described in
chapter 13. A simple extension of this procedure provides the
desir,:c1 projections. Like all mathematical curves, the logistic
is quite mechanistic; hence, it may be advisable not to apply
it over too long a period." The logistic cannot be used to
project a population that is decreasing.

Mathematical methods are now much less frequently
employed to estimate the population of countries than formerly,
even though they have by no means been abandoned," Com-
ponent methods have been displacing the mathematical
methods.

Component Methods. These methods involve the separate
projection of mortality, fertility, immigration, and emigration.
As in preparing population estimates, the last two components
are usually combined in the form of net migration; and even this
combined component is often omitted, in effect, by use of an
assumption of "no net migration Since the method may be
easily applied, and is convemionally applied, by age-sex groups,
projections of age-sex structure are usually obtained directly by
this method, and total population is commonly obtained by
combining the projections for age-sex groups. The component
method makes explicit the 'Assumptions regarding the compo-
nents of population growth and hence can give one considerable
insight into the way population changes. Valuable by-
products, such as vanous measures of fertility and mortality,
as well as estimates of the effect of alternative levels of fertility,
mortality, or immigration on population growth, may also be
obtained In its simpler form the component method is mechan-
istic in many ways. In its more complex forms, however, the
component method becomes a rather elaborate model of popu-
lation growth (see ch 22, "Demographic Models"). For ex-
ample, the assumptions can be expressed in the form of
probabilities simulating human behavior, i.e., to each member
of the population can be attached a probability of marrying,
giving birth, migrating, or dying within a given interval of future
time Because the probable error associated with the projection
of each component may be rather large, the component method
is not necessarily more accurate, on the average, than the
mathematical methods.

Use of ( rude rules. In principle, crude birth and death rates
may be employed as measures in projecting the numbers of
births and deaths. They are rarely used in a direct fashion for
this purpose. however, lince they are strongly affected by the
structure of the population, particularly its age-sex structure.
Crude rates have been employed occasionally in otherwise
elaborate studies of the future on the ground that methodologi-
cal refinement is unjustified by the state of our knowledge.24

Assumed absolute numbers have not been used for projecting
births and deaths, but such an assumption is sometimes made
for the migration component.

" Irene H Taeuher. "The Development of Population Predictions in Europe
and the Amermas," E ;tad, Ito a, II 123-346. 1944

" (iyorgy Acquit and Emil Pallas. "Methods for Population Forecasts,"
Democrofin (Budapest). III) 68-94, 1958. and John Haynal, "The Prospects
for Population Forecasts." Journal of the American Stattlocal Assoctatton,
50(2701 109-122.June 1955

" I ingi Amoroso. "I e quattro fast dt espansione demografica" fine fourphases of demographic development), Rtvista pohttta rtonomica, 48(11)
1168-1175, November 1958. and H C Pleasing, "Om 4..alogistiske Kurve og
dens Anvendelse t Praksis" (On the logistic curve, its use and practice), Erhver-
trAonommt Tic/skull I( openhligenl. V41).205-211, 1962

' Marion ( !swain et td. Land for the Future, printed for Resources for the
I "hire. Inc by the John Hopkins University Press, Baltimore, 1960
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Cohort-component methods.In these methods, the compu-
tations are carried out separately for age-sex groups on the
basis of separate allowances for components. Specifically,
one starts with the population distributed by age and sex at
the bast date, applies assumed survival rates and age-sex
specific fertility rates or birth probabilities, and makes allow-
ances for net migration by age and sex, if desired. The base
F. iulation should be the latest dependable postcensal esti-
mates of the national population distributed by age and sex.
In the e<ient that current estimates are not available or calcu-
lable, the data from the last census can be used. The age gr7,ups
usually have 5-year class intervals. Five -year life table sur rival
rates can IA applied to this base pdpulation, to bring it forwt .d
5 years at a time and to allow for deaths in the interval, by
5-year age cohorts. Births are usually computed by applying
5-year age-specific fertility rates to the women of childbearing
age at the middle of each 5-year time interval. (The actual
measure used to project fertility may be quite different but,
typically, this measure is converted into age-specific fertility
rates in order to derive the actual number of births.) The
schedules of fertility and mortality rates are either held con
stant through all, or part. of the projection period or are
allowed to change according to specified formulas, which may
vary from the very simple to the quite complex. On the other
hand, the projection scheme may be rather informal and quite
arbitrary In any case, the determination of the prospective
changes in fertility and mortality involves a considerable
element of judgement.

Projections of Mortality, In projtt ag the component of
mortality. two measures of mortality may be employed, age- -
specific death rates or age-specific survival rates; hence, our
discussion will be concerned principally with the different
ways of projecting rates of these types. If the projections of
mortality are carried out initially in terms of age-specific
death rates, they will have to be 'converted into qurvival rates
so that they can be applied to the population in terms of age
cohorts

Projections of past trends. - -Where there are adequate mor-
tality statistics for the country itself. we may start with the
country's own age-sex-specific death rates or survival rates
for the most recent year or period. The survival rates are
usually calculated for 5-year age groups and 5-year time intar-
vals and are applied to the population distributed in 5-year age
groups at one date to obtain the number of survivors 5 years
older 5 years later.

=tierssr 5L.:
(3)

Projections for single years of age or individual calendar
years may be obtained by interpolation from the grouped data
at quinquennial intervals. Once single ages have been derived
at 5-year intervals, annual projections may be obtained by
interpolation along single-age cohorts. If an electronic corn-
fluter is available, however, the preferred procedure is to carry
out the survivIl calculations directly in single ages for in-
dividual calendar years.

The various procedures of projecting mortality commonly
involve a different and progressive set of survival rates for
each succeeding 5-year period or other time unit over which
the population is projected. Hence, each age cohort is carried

forward, in effect, by a type of generation life table although
generation life tables are not actually computed. Generation
life tables which specifkally reflect the effect of earlier in-
fluences on age cohorts have hardly been used in population
projections. Generational effects represent the effects of health
habits, preventive medicine, diseases and injuries, possibly
ge.ietic makeup, etc. upon the later chances of survival of the
members of the cohort. These generational effects are difficult
to measure, and it is not clear whether a reduction of mortality
in the early life of a cohort increases or decreases its mortality
at the older ages.n Spiegelman, Barnett, and others believe
that many calendar-year influences affect most ages and may
easily outweigh the generational influences.26

-Projected death rates for a given country may be derived
on the basis of a number of general Procedures or assumptions
These are: (I) Maintaining the latest observed death rates,
(2) extrapolating past trends in the country's own death rates
in some fashion, (3) applying standard percentage decreases
in death rates depending on the level of the death rate at each
successive date, and (4) establishing target rates for a distant
future date and securing rates for intermediate dates by some
form of interpolation.

The first alternative would be applicable only where (a) mor-
tality had reached a standstill and there were no signs of fur-
ther progress or (b) the implications of other more realistic
assumptions were being evaluated against this "base." The
series ;,f death rates may be extrapolated either graphically or
by fitting an appropriate mathematical curve. The extrapola-
tions under (2), (3), and (4) should all provide for improvement
in mortality, with rare exceptions, and, if death rates are al-
ready low, the improvement should be at a decreasing rate.
The extrapolations should be carried out independently for
each age-sex group; and the same or different method of
extrapolation may be used for different age-sex groups.

The risk of arriving at unreasonably low levels of mortality
in the projection period when direct extrapolation is em-
ployed suggests that a limit should be set to the improvement
assomed to occur. Accordingly, after a given future date, the
rates at every age may be assumed not to change any farther.
The target rates set to avoid unreasonable levels of future
mortality may be reached in different years for different age-
sex groups. They may be derived in a number of different
ways: (1) Use of the rates already attained in some advanced
geographic subdivision of the country; (2) use of the rates
already attained in another, more adv-nced country, some-
what similar to the given country in certain socioeconomic
features but having better public health organization and lower
death rates; 17 (3) analysis of age-specific death rates in terms
of components, such as principal causes of death, for which
judgmental projections could more confidently be made;, and
(4) determination of the lower biological limit for mortality
at each age on the basis of present knowledge, and of the date
by which this limit will be attained.

"Recent evidence on this question is given in. United Nations. "Factor
Analysis of SeitAge Specific Death Rates,' Bulletin of the United
Nations, Series N, No 6. 1962, pp. 149-201.

"se Mortimer Spiegelman, Introduction to Demography, rev ed ( amlvidgc.
Ma4e, Harvard Umversity Press. 1968, pp. 157-158, and H A R Raincti,
"Eel:v.0.11/ot, in Mortality Graduation end Projection Using it MOdIfICAttinl of
Thiele's ; ermula." Journal of the Institute of Actuaries (Engi ind). 84(11,1671
212-229, 1958.

'' See, for example-1 J. Pees Morals and A. Costa Leal. "A evolucao demo-
'ranee national e o desenvolvimento econ6mico (National population trends
and economic development). Rtvista de economic, (Lisbon). 11(4) 149-167,
December 1938.
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The third procedure for deriving target rates has been em-
ployed in a number of importinnt studies in the United States *8
It may be explained on the basis of the particular projection
procedure described in Actuarial Study No. 62 of the U S
Social Security Administration Past trends in age-sex specific
death rates were analyzed in terms of 10 cause-of-death classes,
and medical research in progress was valuated from the stand-
point of the prospects of "breakthroughs" that would impor-
tantly ':ffect the level of these rates. Low acid high percentage
reductions for each age-sex-cause specific death rate between
1960 and 2000 were then determined on the basis of the anal-
ysis of the historical trends in each rate and the assessment of
the factors which could bring about further reduction (table
24-3) These percentage reductions were employed to derive
age-sex-cause specific rates for the year 2000, which were
then combined into general age-sex specific death rates for
that year (table 24-4). The rates in the base year and in 2000
were then converted into 5-year survival rAes by life-tablecon-
struction methods, survival rates for int.;rmediate years- were
denved by interpolation using an exponential curve.

If one cause of death plays a dominant role, it may suffice to
project just this cause separately In their mortality projections
for India, Coale and Hoover considered malaria separately
from other causes of death in view of the prevalence of that
disease in India and of the prospects for rapid reduction in the
disease through simple public health measures.!"

Mortality mode /c. - Mortality models, representing general-
ized schemes for projecting mortality applicable to a group of
counts ies, are generally employed when satisfactory statistics
are not ay.. "ibis- regarding the current level and trend of mor-
tality for a ccantry or grotip of countries They are also used
occasionally when such data are available. Mortality models
may relate to the pattern by which current death rates are re-
duced over succe e time units in the projection period, or to
the way in which the terminal levels of mortality arc deter-
mined, or to both; or they may establish specific levels of termi-
nal mortality (Further discussion of mortality models, relating
to systems of model life tables, with applications to statistically
underdeveloped countries for cui rent or recent years. is given
in ch. 25.)

The Princeton method (Coale) and the U.N. system of model
life tables provide a basis for determining the projected changes
in mortality at each observed or estimated level of mortality.
The Census Bureau method (Campbell) provides a basis for
determining projected changes and also sets specific term:nal
levels. Studies relating to the biological limit of mortality
have been carried out at France's Institut national d'etudes
demographiques (Bourgeois-Pichat These studies are
described briefly below.

An early generalized scheme of projecting mortality was the
method developed by Coale at Princeton University in the
1940's." His method was based on an historical analysis
of age-specific death rates for populations of European origin.

U S Bureau of the t ensus. Forecasts of the Population of the 'hilted Shari.
1945-75. by P P Whelpion et al , 1947. pp 8-11. U S Seaa1 Sectinh %Monis.
!ration. Office of the Actuary, "Illustrative United Stales Population Projec
tam." by T N F Greville. Ae tuarial Studs No 0, May 1957. pp 9-16 and
idem, "United States Population Projections for OASDI (ost Estimates," by
Francisco Bayo. Acturif,at Study No 62. December 1966. pp 10-16 At mama'
Study No 46 was h.: basis of the projections of mortality incorporated in the
population projections published by the U S Bureau of the Census in (taint
Population Reports, Series P-25. Nos 286 and 181

Ansley 1 Coale anti f Afar M Hoover. Population (,row th and Et alumni
Development In tins - Income ('oannirr Princeton. N J . Pnnceton University
Press. 1958. pp 65-67 and 356-117

Notestem et al . op cif . pp 183 -189

This analysis showed that the rate of decline of these death
rates tended to vary directly with their level. without regard to
country or year. He derived a set of curves for age-specific
mortality rates (.4, by (I) separating the observed rates at
each age into foul segments on the basis of the level of the
rates, (2) fitting snaught I.nes by least squares to the three

-segments with the higher rates, (3) fitting an exponential
curve to the segment with the lowest rates (the form of curve
being chtisen to prevent the rate, from becoming negative when
extrapolated). and (4) smoothing the junctures between
segments.

The Princeton method was based wholly, or in large part,
on pre-Wm-Ill-War-II mortality experience In general, the
decline of mortality has accelerated in the post-World-War-II
period. Using postwar data, Campbell derived new constants
for Coale's height-slope relationships and introduced certain
"ultimate" levels of mortality at each age." His principal
equation is

01/ =- (Ms. tn,.)e b at, (4)

where m,. is a central death rate in the base year (last observed
rate) at age x, , is a central death rate f years after the base
year at age x, In,. is the ultimate central death rate at age
x, h, is a constant specific for age a, to be determined, and t
represents the number of years for which the projection is
desired. Like the Pnnceton study, this study found that, for
each age group, higher death rates tend to decline more
rapidly than lower death rates. It appeared from this new
study, howcrei, that the height-slope relationships observed
before World War II have changed and that mortality has
fallen mush more rapidly since the end of the war than it did
before the war. The study also followed the principle that the
rate for any particular age should not fall below some minimum
level, to be determined.

The two constants, h, and m, must be determined for
each age r in order to apply equation (4) Then the death rate
at age x for any year t years after the base year can be ob-
tained by sut'slituting the values for these constants and nt,
into the equation. For example, the formula for projecting the
death rate for fmales 25 to 29 years old is as follows, given
values of ln = O.-% per 1,000 population and h= .162.

tn,= (tn.- .00046)e In' + .00046

The death rate for any year t years after the base year is
calculated by substituting values for tn., the death rate in the
base year, and t into the equation If a country has a death
rate of 8 per 1,000 population in the base year, 15 years later
its death rate would be

nits =(.008 .00046e 112125) 4 .00046

=007541(.017421+ 00046

= .0006

The constant h, is a quantity representing the slope of a
straight line which expresses absolute annual decline in
mortality as a function of the level of mortality The method

U S Bureau of the Census, International Population Reports, Series
P-91. No 5. "A Method of Protektina Mortality Rates Based on Postwar
International Fapenence." by Arthur A ( amphell, 1958, pp 1-16
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Table 24-3. - Postulated Low Male Death Rates for the United States for the Year 2000 as Percent
of the 1959-61 Rates, by Age and Cause-of-Death Group

Age
()run)

Canse-ofdenth group

II III IV V VI VII VIII XI X

Under 1 20 I 70 :2 60 55 50 80 60 501 to 4 20 60 50 50 40 30 70 65 40S to 9 20 70 50 40 30 50 60 65 3510 to 14 15 70 50 35 40 70 65 70 4015 to 19 10 70 60 40 50 Sc 80 5020 to 24 10 70 70 45 60 80 90 so 6025 to 29 10 70 80 50 60 80 90 85 8030 to 34 10 70 85 55 60 80 90 85 8035 to 39 15 70 90 60 60 80 90 80 8040 to 44 15 70 90 65 60 80 M 80 80
45 to 49 5 20 70 90 65 60 80 90 80 8050 to 54 10 20 70 90 65 60 so 90 80 8055 to 59... 15 25 70 90 65 60 80 90 80 8560 to 64 20 30 70 85 65 65 so, 90 70 8565 to 69 30 40 70 85 70 70 80 90 65 9070 to 74 40 50 75 85 75 75 80 90 65 9075 to 79 40 60 80 85 80 80 so 90 60 9080 to 84 40 80 85 90 es 85 so 90 60 9085 and over 50 90 90 90 90 90 so 90 50 90

Total, all mete 21.6 31.0 74.0- 86.6 74.4 69.7 51.4 79.3 74.7 82.4

-RepreseMs zero.
' See source of table for explanation
* Derived from the age-sPeait percentages by weighting on the basis of the 1960 census population

Source. U.S. Social Secuntv Administration, "United States Population Projections for OASDHI Cost Estimates," by Francisco Bayo. Actuarial Study No 61December 1966, table 4

Table 24-4. Projected Death Rates for the United States for the Year 2000 According to Low and
High Mortality Assumptions, Compared With Rates for 1959-61, by Age and Sex

Age
(years)

Mole Fest&

1959-61

(I)

Low
toortaltry.

2000

(2)

High

evertality,

1000

(5)

Projected nits

as percent of

ClIfffet Tares

1959-61

(6)

Low
sonaloy.

2000

(7)

High

ntortalary,

2000

(111)

Projected rues
aspercentof

carnal rates

Lew

42)+11114

100=

(41

H.gh

[(3)+(1114

100=

(5)

Low

U7)41611e

100=

(9)

High

1(81'(6/)11

100.'

(10)

Under 1
1to4

30.40
1.15

16.56
0.61

23.48
0.88

54.5
53.0

77.2
76.5

23.19
0.96

12.67
0.49

17.93

0.73
54.6

51.0
77.3

76,05 to 9 0.56 0.31 0.43 55.4 76.6 0.41 0,23 0.32 56.1 78.010 to 14 0.56 0.34 0.45 60.7 80.4 0.32 0.19 0.26 59,4 81.315 to 19 1.28 0.93 1.11 72.7 86.7 0.54 0.35 0.44 64.8 81.520 to 24
25 to 29

1.81

1.71
1.34
1.32

1.57

1.51

74.0
77.2

86.7
88.3

0.70
0.88

0.46
0.60

0.58

0.74

65.7
48.2

82.9
84.130 to 34 2.01 1.49 1.75 74.1 87.1 1.23 0.85 1.04 69.1 84.635 to 39 2.85 2.00 2.42 70.2 84.9 1.79 1.21 1.50 67,6 83.8

40 to 44., , 4.59 3.22' 3.91 70.2 85.2 2.76 1.81 2.28 65.6 82.6
45 to 49 7.48 5.18 6.33 69.3 84.6 4.20 2.70 3.45 64.3 82.150 to 54 12.31 8.44 10.38 68.6 84.3 6.39 4.01 5.20 62.8 81.455 to 59 18.58 12.79 15.68 68.8 84.4 9.31 5.98 7.64 64.2 82.160 to 64 27.74 18.91 23.33 68.2 84.1 14.58 9.58 12.08 65.7 82.955 to 69 40.88 29.33 35.10 71.7 85.9 22.44 15.33 18.88 68.3 84.1A3 to 74 58.19 44.22 51.21 76.0 ss.n 36.26 25.89 31.07 71.4 85.775 to 79 84.48 68.01 76.53 80.1 90.1 60.08 47.02 53.55 78.3 89.1SO to 84 132.23 111.81 122.02 84.6 92,3 104.23 86.41 95.32 82.9 91.585 and over 228.41 202.42 215.42 88.6 94.3 201.00 176.63 188.85 87.8 93.9

Total, till meal 10.90 8.01 9,45 73.5 86.7 8.01 5.84 6.93 72.9 86.5

' Derived from the age specific rates and percentages by ,veighting on the basis of the 1960 population

-Some: U.S. Social Security Administration. "United Slates Population Projections for OASDHI Cost Estimates," by Francisco Nayo. Actuarial Study No 62.Member MK. tat* 5.
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of deriving b, involves first setting the level of m,. independ-
ent:y for each age. Then a value of b is determined for each
observation (each country) from the equation,

m
b

l
m (5)

which is derived from equation (4). The value mi. is the first
derivative of m, and represents the average annual decline
for any death rate (m,). The values of m, and m; correspond,
respectively, to the "heights" and "slopes" described in the
preceding section. The values of b determined for the various
countries at a particular age were averaged in order to obtain
a single value to represent the general trend of the height-slope
relationship at that age. These values of b were further adjusted
to remove certaip irregularities in the resulting trends in age-
specific death rates.

The . hypothetical low death rates, m, ., chosen do not
greatly affect the projections of population for most age groups
as long as the death rates assumed are below present levels
and reasonable. Campbell derived the low death rates by (I)
compiling a set of lowest observed age-specific death rates,
(2) smoothing the observed lows graphically. (3) calculating
maximum possible percentage reductions below the smoothed
observed lows (ranging up to 50 percent for ages 20-24 years),
and (4) reducing the smoothed observed lows by these per-
centages to obtain a set of hypothetical lows. Such mortality
rates are intende4 only for use in making population projec-
tions. They are not intended to yield' independently valid pro-
jections of future mortality rates.

The formulas are of doubtful utility in extrapolating death
rates in countries whose postwar mortality experience has
diverged widely from the average international trend. Similarly.
they are not applicable to countries having Mortality rates much
higher than any of those used to estimate the constants of the
projection formulas. The formulas may become obsolete as
medical progress leads to improved mortality beyond the
limits of the minimum mortality rates used in the projection
formula.

Projections of mortality could also be based on the research
findings at France's Institut national d'etudes demographiques
regarding the separate trends of deaths from endogenous and
exogenous causes anti the biological "limit" of the death rate
at each age." As noted in chapter 14, the biological "limit"
of the death rate for a given country is arrived at by separating
out the exogenous causes 'of death from the total death rate
at each age and considering the possibilities for further reduc-
tion in the endogenous death rates in the light of prospective
medical developments in the particular country and of actual
past developments in the most advanced countries. The
"ultimate; level is still a function of the stale of present
knowledge and would have to be reexamined from time to time.

Without specifying either height-slope relationihips or ulti-
mate levels of mortality, the United Nations has developed a
set of model life tables for projecting mortality." They are
based on analysis of 158 life tables representing the experience
in the first half of the 20th century of 50 countries. The calcula-

`311Oho V. Gramm. op. et, P. 571; Jean Sourpois-Pichat. "Emu star is
mortatitd tiolonique' de Iliomme" (Essay on the "biological" mortality of man).
Popolation (Parto.10).311-394, July-Sept. 1952.

United Nations. Ale and Sex Pattern of Mortality: Model Life Tables Joe
Usitierelevtlosred Countrles. Soli** A. Population Studies. No. 22. 1955; end
idea. Methods for Population Projection.; by Sex cad Alf. Series A. Population.
&tidies. No. 21. Manual III. Methods of Estimation Population. 1956.

tion of the model tables rests on the principles that the
schedule of age-specific mortality rates is fairly well defined if
the expectation of life at birth is known, and OM expectation
of life tends to increase by a fairly uniform annual amount
until a moderately high level of life expectancy is reached.

The model tables were designed on the assumption that an
annual gain of 0.5 year in expectation of life at birth will occur
whenever the expectation is less than 55 years. At older ages,
the gain increases, then declines. Twenty-four model tables
(males and females for each model) are presented, reflecting
differences of 2.5 years in expectation of life at birth (up to
55 years) over each 5-year time period and covering a time
span of 115 years. The expectation of life for both sexes com-
bined ranges from 20 to 73.9 years. Once a particular model
table is selected to represent the current level of mortality or
once the current level is eitablishid, the tables to be used for
future mortality allowances ape selected in rank order from the
set of model tables. (See illustration below for Costa Rica in
table 24-7.) To use the system of model life tables. the assump-
tions with respect to mortality have to be expressed in terms of
&, for both sexes combined. This t. identifies a particular model
life table which describes q whole age-pattern of mortality
conditions.

Another system of model life tables, the Coale-Demeny
model life tables, distinguishes regional variations in mortality
patterns; four sets of life tables are given, with expectation
values of 20.0 to 77.5 years, at intervals of 2.5 years." The
selection of tables was not designed to provide a progression
of values directly applicable to projections, as were the U.N.
tables. Once some assumptions regarding the improvement
in mortality in a country have been developed, however, the
Coale-Demeny model tables can effectively be employed to
implement the assumptions. The tables are described more
fully in chapter 25.

These systems of model tables may be used to -project the
mortality of countries for which only limited data on mortality
are available. They may also be used to project mortality in
developed countries under a une41 system of projections.
The use of a common system of mcitality projections should
add to the international comparability of the projectIons even
though the procedure may be less refined than is possible for
some countries.

Projections of fertility. - We may distinguish three types of
methods of projecting fertility as part of a cohort-component
method of projecting population, namely, the period-fertility-
method, the cohort-fertility ,nethod, and the marriate-parity-
interval progression method. Other methods of projecting
fertility may be viewed as elaborations or combinations of
these basic methods. In brief, the period.fertility method ex-
amines the trend of age-specific birth rates (or the correspond-
ing age-adjusted summary measures of fertility) over past
years for the same age groups. The cohort-fertility method
examines the trend of fertility for separate birth cohorts, or
marriage cohorts.of women, usually in terms of age-specific
or duration-specific birth rates and cumulative an0 completed
fertility rates for these cohorts. In the marriage-parity-interval
progression method, probabilities of marriage and of birth by
parity of women are employed to determine sequentially the
number of births of various orders and the number of women
who are at risk of giving birth to a child of a given order. Let
us consider each of these in some detail.

" Ansley .1 Coale and Paul Demeny. Reutonal Model Life Tablet and Stable
Populations. Princeton. N Pnnceton University Pre , 1966
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Period fertility method.- In the period-fertility method,
or the age-sped& birth rite method, assumptions coin:timing
future fertility are stated in terms of calendar-year or period
age-specific birth rates, period sex-age adjusted birth rates,
period total fertility rates, or period gross reproduction rates.
The prototype procedure consists essentially of ( I) calculating
and analyzing a time series of birth rates for each (5-year) age
group of woman; (2) holding the most recent rates constant
over the projection period or projecting the rates on the basis
of various assumptions and techniques to some future year;
and then (3) applying the projected schedule of rates to the
projected female population by 5-year age grimps for a given_
future year to de:ermine the corresponding number of births.
The characteristic feature of the method is that the trend
analysis is in terms of rates for a given age group. If the
calculations are done manually, it is most convenient (1) to
obtain the projected rates for the end or each quinquennium,
(2) nu.aiply the rates cumulativeiy by the number of women
by age previously calculated to have survived to the end of
the quinquennium, (3) average the births for the first and last
years of each quinquennium, and (4) multiply by five (to secure
births for a 5-year period).

This procedure may be abbreviated, with little change in
the results, by projecting the period total fertility rate or the
period gross reproduction rate instead of the sehedule of age-
specific birth rates. Applying any single reasonable set of age-
specific rates (e.g., the rates for the current year) to the future
numbers of women of childbearing age, with an adjustment to
the projected total fertility rate (or gross reproduction rate),
producer very nearly the same number of births as applying a
projected schedule of age-specific birth rates. Variations in
the pattern of age-specific birth rates tend' to have little effect
on the corresponding numbers of births, given the overall
reproduction rate, so that the total fertility rate (or the gross
reproduction rate) is a useful substitute for making projections
of births by the age-specific birth rate method. This variation
permits the application of the period-fertility method to areas
where age-specific birth rates are lacking and where only
the total number of births is known. The initial age-specific
birth rates and total fertility rate can be estimated by the
indirect method from (1) the tots: nt.mber of births. (2) the
female population of Childbearing age, and (3) an available set
of age-specific birth rates for a similararea (ch. 16).

Among the several vanations we have mentioned so far, we
will illustrate first the use of the total fertility rate to project
births, given current age-specific birth rates. Let us consider
an example using the total fertility rate to project births for
Costa Rica from 1965 to 1985 (table 24-5, Meth's! B). We
employ for this purpose the basic data and some of the assum-
tions of an official Costa Rican study, including the estimates
of the population by age and sex and the recorded age-specific
birth, rates for 1965." First, the total,fertility rate is projected
on some basis. In the present case, following the procedure
of the official study, we made three assumptions regarding the
future course of fertility, representing high, medium, and low
alternatives. The high series assumes a continuation of the
total fertility rate of 1965, the medium,series a decline in the
rate of 5 percent each 5 years, and the low series a decline in
the rate of 10 percent each 5 years (table 24-6).

*Costa Rica. Direccion general de estadIstoce y cense+. Proyeccien de la
probiamen de Costa Rica poi sexo y pupa; de eded, 1965 -90" (Projections of
the population of Costa Rica by sex and ate. 1965-90), by Ricardo Jimenez J
et el . Soria Dernogrifica No 5. Revista le 'studios y estadisticas, San Jose,
Na S, October 1967

First, the current schedule of age-specific birth rates is
assumed initially for all future dates and series. Next, these
assumed rates are applied to the projected female population
of childbearing age in each year (see below for method of
derivation) to obtain the "expected" number of total births
for that year (for all series). For example, under all assumptions
the expected number of births in 1970 is derived by taking the
cumulative product of the age-specific birth rates of 1965 and
the projected female population of childbearing age in 1970
(table 24-5). 'This product is 75,344. Nezt, this number is
Multiplied by the ratio of the projected total fertility rate ITFR)
in 1970 for a particular senes to the total fertility rate for 1965,
corresponding to the percent change in the rate for that series
for 1965-70. For the medium series, for example, this ratio
is .95 and the projected number of births in 1970 is 75,344 X .95,
or 71,577. The projected number of births for 1965-70 is
obtained by inflating by 5 (for 5 years) the average number of
births for the period 11(62,821 + 71.577)=335,9951. The
projected number of female births is then derived by applying
as Issumed proportion female among births; e.g.,

335,995 x .49= 164,638

Similarly, to derive the projected number of births in 1975,
under the medium series the expected number of births in
1975 is adjusted by the ratio of the projected TFR in 1975
under the medium series to the current TFR (this is, .9025).
Note that, after 15 years of projecting births, it is necessary
to begin carrying forward to older ages the female births which
were projected in the first future 5-year period, so as to derive
the female population of reprodu;tive age; for example, the
births of 1965-70 will become 15 to 19 years of age in 1985.

The calculations for the high and low series of births arc
presented in table 24-6. Since the high series assumes no
change in the Tk R. it corresponds to the expected numbers of
births computed in table 24-5, the adjustment 'actors being
1.00 in each case. The low series of births in 1970 (67,810)
was derived by adjusting the expected number of births in
1970 (75,344) by the ratio of the low series TFR for 1970
(5,886.5) to the TFR for 1965 (6,540.5) -.90; the tow series
of births in 1975 (75,088) was derived by adjusting the ex-
pected number of births in 1975 (92,701) by the ratio of the low
series TFR for :975 (5,297.9) to the TFR for 1965 (6,540.5)-
.81; etc.

Use of the total fertility rate in this way is equivalent pre-
cisely to assuming that the age-specific birth rates change uni-
formly by age by the same percentage as the total fertility rate
(table 24-5, Method A). Even if a different pattern of change in
fertility by age is expected, the summary procedure is accepta-
ble because of the negligible effect of variations in the age pat-
tern of fertility on the number of births, once the total fertility
rate is fixed. It may be recognized that the procedure of using
the total fertility rate to project the number of births, just de-
scribed, involves the same logic as the calculation of this rate
by the indirect method, aroeit the order of calculation is dif-
ferent. In the former case, we are given the population by sex
and age, a standard set of assumed age-specific birth rates, and
the total fertility rate, and we are asked calculate the corre-
sponuaiig number of births. In the land .se, we are given the
population by sr,/ and age, a standard set of assumed age-
specific birth rates, and the total number of births, and we are
asked to calculate the corresponding total fertility rate. The
procedure and logic with gross reproduction rates are essen-
tially the same; there is no advantage in the use of this rate and
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Table 24-5. --Calculation of the Pr ejected Medium Number of Female Births in Costa Rica by the
Period-Fertility Method, for 1965 to 1985

(Methods A, B, and C represent three variations in the application of the penod-fertility method)

Ape of *other
(yews)

As-specific birth rates (I.) PosIstfoo (p. 2

15 to 19
20 to 24
25 to 29
30 to 34
35 to-39
40 to 44
45 to 49

Total fertility rate 5 Zr

Method A:

19651 :970 1975 1980 1985 1965 1970 1975 1980 1985

1.1C.43

301.9
319.6 I,

258.1
'12.4
89.3

15.7

Populs-
tIOD

weights

(11 5)

105.4 100.1 95.1 90.4 72,385 92,466 116,381 142,217 157,262
286.8 272.5 258.9 245.9 58,115 71,914 92,00.2 116,472 141,847
303.6 288.4 274.0 260.3 48,275 57,650 71483 91,617 116.076
245.2 232.9 221.3 210.2 42,325 47,8- 57 1 71,090 91,214
201.8 191.7 182.1 173.0 36,875 41,87e 47, 20 56,835 70,671
84.8 80.6 76.5 72.7 29,815 36,381 41, 95 46,960 56,352
15.1 14.3 13.6 12.9 25,200 29,260 35, 81 40,186 46,340

6,540.5 6,213.! 5,902.8 5,607.7 5,327.3

1

7

7

6

4

1

1. Expected cirths, year y fay pay

2. Expected female births, 5 'ear period3 . [(B' 4. BY") + 2] x 5 x .49

Method B:

3. Expected births, year y I:Fa" paY

4. Projected medium births . (3) x ifg5

5., Projected medium female births, 5 year ccriqd3 [(BY: BY ) + 2] x S x .49

Method C:

6 Weighted population . Z Ira Pay

7. Sex-age adjusted birth rate, your y s.a.a.b.r.r5 x .95

8. Projected medium births . weighted pop. x s.a.a.b.r. (6) x (7)

9. Projected medium female births, 5 year period' . [(BY 4. 67.3) + 2] x 5 x .49

girths (B)

1965 1970 I 1975 1980 1985

62,621 71,574 y 83,661

164,640 190,169

62,821 75,344

62,821 71,577

164,638

1,248,383

.5032

62,818

99,011

223,773 262,660

92,701

83,653

115,478

99,009

190,169 223,773 262,655

1,490,299

164,216

.4780

71,236

1,835,937

.4541

83,370

2,299,680

.4314

99,208

115,405

141,684

115,403

2,849,043

189,392 223 658 264,553

.4098

116,754

- Represents zap
Source: Costa Rica, Direcci6,, general de estadistica y censor. "Proyeccidn de la poblacion de Costa Rica por sexo y grupos de edad. 1965-90" (Projections

of the population at Costa Rica by sex and age. 1965-90). by Ricardo linionez J. el al Serie Deinovifica No 5. Revista de 'studios y estadisticas,3an Jos& No. B.October 1967, table 34.
* See table 24-7.

These births relate to the 5-year period from July 1 of initial year to June 30 of lei minal year

either measure allows fur a change in the sex ratio of births with
equal convenience.

The medium series of births, derived'as described above, was
employed in completing a set of projections of the female popu-
lation of Costa Rica by 5-year age groups at 5-year time inter-
vals to 1985 (table 24-7). For this purpose, we have adopted
the current population estimates given in the Costa Rican re-
port cited above." The base population in 1965 (derived-from
the census of 1963) was adjusted for underenumeration of chil-
dren under 10 years old anti for age heaping in the range 10
years old and over. As in :1mt report, we have assumed that
there would be no immigration and that mortality would show a
moderate gradual improvement after 1965. The projected survi-
val rates were based on the observed death rates for 1963:
they followed the assumption that expectation of life at birth
would increase from 1.5 to 2.5 years over each 5-year time
period, corresponding to the model life tables in U.N. Manual

Ibid, p. 64.

III." The observed rates in 1963 corresponded most closely,
on the average, to the rates in U.N. model life table 90 (or
e.-- 65.8). Therefore, for projection periods 1965-70, 1970-75,
1975-80, and 1980-85, we used model tables 95, 100, 103, and
110, corresponding to life expectation values of 68.2, 70.2,
71.7, and 73.0 years, respectively.

Five-year survival rates for each 5-year time period corre-
sponding to each required mortality level were selected from
the model tables and applied to the female population. The
1965-70 factors were applied to the 1965 population, by sex,
to derive the projected population 5 years old and over in 1970,
then the 1970-75 factors were applied to this population to
derive the projected population 10 and over in 1975, etc. The
projected births were developed on the basis of the projections
of female population of childbearing age, as described earlier
(Method B, medium series, in table 24-5). The births in 1965-

**Ijnited Nations, Methods for Pophlotion Projections by Sex anti Age.
table V.
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Table 24-6. Calculation of Alternative Projections of Female Births in Costa Rica by the
Period-Fertility Method, for 1965 to 1985

Series 1965 1970 1975 1980 1985

HIM SERIES

1. Total fertility rate, year y 1.00 TFRrs 6,540.5 6,540.5 6,540.5 6,540,5 6,5/ 0.5
2. Expected births . r paY 62,821 75,344 92,701 115,478 141,684
3. Projected female births, 5-year periods. 169 252 205 855 255 019 315,023

MEDIUM SEM.S

4. Total fertility rate, year y . .95 TFRr' 6,540.5 6,213.5 5,902.8 5,607.7 5,327.3
5. Projected births . (2) s ft)) 62,821 71,577 83,663 99,009 115,403
6. Projected female births, 5-year periods,

Lai SERIES

164 638 190 169 223 773 262,655

7. Total fertility rate, year y .90 TFRY-3 6,540.5 5,886.5 5,297.9 4,758.1 4,291.3
8. Projected births . (2) s

is.) 62,821 67,810 75,088 84,185 92,961
9. Projected female births, 5-year periods 160 023 175 050 195 109 217,004

' ((BY +8,"1-'- 21 x 5 x 49 These berths relate to the 5 year period from July I of initial year to June 30 of terminal year

70 were then carried forward to ages 0-4 in 1970 by use of the
appropriate survival rate, the survivors 0-4 in 1970 were

sculled forward to ages 5-9 in 1975. etc.
A still simpler procedure for projecting births which is ap-

plicable when only total births and an age-sex distribution are
available employs the U.N. sex-age adjusted birth rate (ch.
16). In this procedure we do not have to assume any particular
pattern of age-specific rates. We have applied the procedure
in table 24-5 (Method C) to Costa Rica, using the same
general assumptions as before but without making, use of the
available age-specific birth rates. This procedure represents
still another application of the logic of indirect standardization.
Use of the sex-age adjusted birth rate was recommended by
the United Nations as a simple means of preparing comparable
projections for many countries." It may be recalled that the
U.N. sex-age adjusted birth rate is calculated by dividing the
number or births by the cumulative product of the midperiod
female population and a standard set of weights, and multi-
plying by 1,000. The standard set of weights is roughly pro-
portional to the typical relative fertility rates of the various
age groups and was chosen so that the resulting adjusted rate
would be of the same order of magnitude as the crude birth
rate. The U.N. rate represents a simple device for eliminating
the effects of changes in sex-age structure in the measurement
of the fertility trend and the estimation of future births.

For purposes of the population projections for Costa Rica,
we begin by determining the U.N. sex-age adjusted birth rate
for a current year (50.32). We then project the rate on the same
assumptions as we projected the total fertility rate. For
example, the sex-age adjusted birth rate under the medium
assumption in 1970 is .95 X 50.32, or 47.80. We next calculate
the weighted aggregate of women of childbearing age in each
projection year and multiply the projected rate by the weighted
aggregate:

B = Kpf, (6)

For the medium series in 1970. we have:

B = .0478 x 1.490;299

B -71,236

It may be observed that in the present case the differences
among the projeCtions of births derived cn the basis of the
total fertility rate and the U.N. sex-age adjusted birth rate are
very small fot all years (table 24-5).

Some of the methods of extrapolating fertility rates parallel
thew. of extrapolating mortality rates. Straight lines or curves
may be fitted to determine the trend of the rates in the past,
a rate of change may be assumed for each future quinquen-
nium, a target schedule of rates may be assumed for the end
of the projection period (or beyond) and intermediate values
calculated by interpolation, and so on. Knowledge from a wide
variety of sources can be brought to bear in making these
assumptions. These include the trends in other countries,
fertility differentials (e.g., urban-rural, geographic, ethnic)
within the country in question, current practices and attitudes
about family limitation as obtained from sample surveys or
clinic records, national programs and plans in the field of
family limitation, and information or theory concerning the
relationship between fertility, on the one hand. and marriage
patterns, family systems.; sexual practices, infant mortality,
survival to childbearing age, desired and expected numbers
of children, emploiment of women outside the home, and
economic conditions, on the other hand. As in the case of
mortality, studies at the Institut national d'etudes demograph-
iques in Paris are helping to provide information about the
biological limits on fertility." Henry has developed a mathe-

a United Nations. Methods for' Population Projections by Sex and Aue, 11 Louis Henry. -FEconda et famili.e" (Fertility and family. Population.pp 41-50
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Table 24-7. -Calculation of Projections of the Female Population of Costa Rica, by Age, According
to the Medium Fertility Assumption, for 1970 to 1985

[Projections assume no net migration. Heavy lines identify a 5-year age cohort]

Age

(yews)

...

Estimated

population,

July 1,19651

(1Z

SIAM Val

19:5a5t.e7.02

(2)

(x)

Protected

population,

July 1,1970

(I) a QS'

(3)

884,782

SUM'S!
rate,

1970.751

(4)

- (X)

P.otected

mutation,
July 1,1975

(5) a (4)

3)

1,033,262

SUM VIII
VAN,

1975-602

(6)

(X)

Protected

pOpalat1011,
July I, 1980

(5) a (6)=

(7

1,254,427

Sat VIVII
rate,

190045

(8)

(X)

Protected

population,

July 1,1985

(7) a (P.
9

1,492,527All egos' 742,080

Births' 164,638 .9660 190,169 .9744 223,773 .9801 762,655 .9838 (x)
Under 5 144020 159,040 .9925 185,301 .9948 219,320 .9963 258,400
5 to 9 117,115

:99962892

142.959 9999771 157,847 .9981 184,337 .9986 218,509
10 to 14 91973 .9936 117 68 559 k 157,547 .9982 184,079
13 to 19 72,385 .9935 ' . 2 9iXlialMNINUSI4- W 157,263
20 to 24 58,115 .9920 71,914 .9940 .9956 116.472 .9966 141.847
25 to 29 48,275 .9909 57,650 .9929 71,483 9945 1,617 .9956 116.076
30 to 34 42,323 .9893 47,836 ,9913 57,241 .9929 71,090 .9941 91,214
35 to 39 36,875 .9866 41,872 .9886 47,420 .9903 56,835 .9915 70,671
40 to 44 29,813 .9814 36,381 .9835 41,395 .9853 46,960 .9868 56,352
45 to 49 25,200 .9731 29,260 .9754 35,781 .9775 40,786 .9792 46,340
50 to 54 21,275 .9609 24,522 .9637 28,540 .9661 34,976 .9680 39,938
55 to 59 16,063 .9402 20,443 .9437 23,632 .9466 27,572 .9491 33,857
60 to 64 12,520 .9036 15,104 .9083 19,292 .9122 22,370 .9161 26,169
65 to 69 9,203 .8429 11,313 .8490 13,719 .8549 17,598 .8609 20,493
70 to 74 6,190 .7525 7,759 .7602 9,605 .7677 11,728 .7764 15,150
73 to 79 4,083 .6323 4,-58 .6410 5,898 .6493 7,374 .6592 9,106
80 and over 4,640 .3781 54,337 .3828 54,646 .3869 55,629 .3913 57,063

N Not applicable.

' 1 S4mircr Cotta Rica. ChreccOn general de estadisfica y censos, "ProyeccvM de la poblaciem de Cosuilticaporsexo y grupos de eSUml. 1965 - 1990" (Projeclions
of Ise population of Costa Rica by sex and age. 1965-19931. by Ricardo JinuMez J. et al, Serie Demografica No 5, Nebula de estm4bos y estadisticas. San Jos&
No. I. C)ckrber 1967, table 34

Sehmted from table V of United Nations. Methods for Population Projections by Sex and Age, Senes A Population Studies, No. 25. 1956. See text for
**mafiosi.

Teal excludes births.

See table 24-6. medium series

Denved from populations and survival rates on same and previous lines

.matical model for the legitimate fertility of couples not practic-
ing any form of birth control, which takes account of a number
of biological factors as well as of the duration of their
marriages.

The method of projection of age-specific fertility rates
developed by Coale and his colleagues at Princeton University
for the League of Nations was similar to their method of pro-
jecting mortality rates in that the trend was determined by the
height of' the rate in the base period. "The fertility rate of each
age group was projected on rectangular hyperbolas whose
heights were determined by rates of the base periods. in general
taken subsequent to 1935, and whose initial slopes, taken as
of 1930, came from height-slope relations characterizing
European experience in the 'twenties' and 'thirties.' " 4°

In its use of the sex-age adjusted birth rate (s.a.a.b.r.), the
Urrited Nations has usually formulated fairly simple arithmetic
assumptions about future trends. Underlying the simple fonnu-
11111011S, however, was usually a good deal of analysis and
the my. In the projections ptiblished in 1966, for example, a
considerable theoretical analysis led to a general assumption
Gi a continuous but irregular decline of the s.a.a.b.r. for each
region over a 30-year period to one-half of its initial level,
for the high fertility countries.41 Alternative dates of onset
were set for each region; the high fertility assumption repre-
sents a late date and the low fertility assumption, an early date.
(See discussion of "United Nations Projections of 1966"
below.)

Notestitin et at. op :it .

'Mod Nations. Wm,/
45-4%.

awn Prospects as Asserted in /96.1, PP

i(p107,0x5,,,,,)+ (pis. x sm.)].

Cohort-fertility method. -The period-fertility method is
very simple to apply operationally, but it does not always
yield, reasonable fevels of implied family size. Furthermore,
there is no logical basis for projecting the trend of annual
fertility and the levels assumed for various dates in the projec-
tion period are extremely arbitrary. The cohort-fertility
approach tries to overcome these weaknesses of the period-
fertility approach. The variation of the cohort-fertility method
described here employs data on the fert;lity history of birth
cohorts of women, as they progress through the childbearing
ages. As may be recalled from chapter 16, cohort fertility data
represent the cumulative fertility of specific birth cohorts of
women to each successive age. It may be noted that this varia-
tion of the method, like the period method. involves only the
variable of age.

In the cohort- fertility approach, the fertility assumptions are
directly formulated in terms of the completed fertility of real
cohorts of women, so that unreasonable or unlikely assump-
tions concerning completed family size may be avoided. In
fact, projections of births derived by other procedures should
be evaluated, in part, in terms of the implied completed family
size. The cohort-fertility approach makes possible the use of
additional information and relationships, such as information
on the expressed'expectations of women regarding completed
family size that have been obtained in national or local sample
surveys, and historical evidence regarding the' relation of
cumulative fertility or mean age of childbearing to completed
fertility size, etc.

The cohort-fertility method may be applied in different
ways. We describe the variation employed by the U.S. Census
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Bureau in its 1967 projections. The steps are: 'I
. Selecting "terminal" levels of completed fertility for the

annual birth cohorts of women which will reach childbearing
age in the future (table 24-8). Four alternatives, corresponding
to the four series of population projections planned, were
selected. They are as follows: Series A, 3,350; Series B, 3,100;
Series C, 2,775; Series D, 2,450. In arriving at these figures,
account was taken of "expectations" data from various na-
tional fertility surveys and of historical trends regarding the
variations in completed family size.

2. Assigning age patterns, representing the distribution
of births by age of mother over the childbearing span, to the
terminal levels of completed fertility in step'( I ) (table 24-8).
Four patterns corresponding to each of the four terminal levels
of completed fertility were selected. They are based on the
age patterns of fertility of various historical cohorts which
had completed fertility rates similar to those set for the four
series.

3. Developing assumptions on the completed fertility
of each annual birth cohort of women which had already
reached childbearing age by the base year of the projections,
consistent with cumulative fertility to date for each cohort
and in line with the assumed distribution by age and the
assumed completed fertility rates for the cohorts which will
reach childbearing age in future years determined in steps (1)
and (2) (table 24-9). The completed fertility rates for se
older cohorts would not agree with those for the yo er
cohorts in step (I) because of the fertility cumulated to date.

4. Calculating the cumulative fertility rates for each cohort
to each age of childbearing, and the implied age-specific birth
rates, in each future year (table 24-10).

5. Applying the age-specific rates in sttp (4) to projec-
tions of the female population of childbearing age to obtain
the number of births for each year.

The cohort-fertility rates are first extended to the most
recent year for which the total number of births is known and
then tied in with the overall level of fertility estimated for that
year. This is accomplished by projecting the available age-
specific birth rates according to various assumptions to the
current year, selecting that series which most closely yields
the reported number, and then adjusting the rates to yield
exactly the reported number of births (cf. indirect method of
standardization, ch. 16). In the procedure followed by the U.S.
Bureau of she Census, cumulative fertility data available from
the National Center of Health Statistics to January I, 1965,
were projected to January 1, 1966, and were then forced to be
in line with the estimated number of births for 1965. The cumu-
lative rates for the various cohorts for January I , 1966, were
then extended to the end of the childbearing period on the basis
of previously established assumptions regarding their com-
pleted fertility and the pattern of age-specific birth rates.
Similar patterns were used to distribute the assumed com-
pleted fertility of new coho.ts entering the childbearing ages
after 1965 over the childbearing period

In preparing these projections limited account was taken of
information on the expectations regarding completed family
size reported by representative national samples of married
couples included in the Growth of American Families (GAF)
Studies of 1955 and 1960 and in the Universiiv of Michigan

" U S Bureau of the Census. Current Population Reports, Series : -25,
No 3111. "Projections of the Population of the United States, by Age. Sex, and
Color to 1990, With Extensions of Population by Age and &A to 2015," by
Jacob S. Siegel. December 1967, pp 18-32 and appendix A.
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Table 24-8. -Summary of Age-Specific Birth Rates Used in
Distributing Terminal Completed Cohort Fertility Rates by
Age, According to Four Projection Series, for the United
States

I Rates are based on the female population adjusted for net .nsus undercounts
These rates apply exactly to cohorts born after July I. 19,4 and reaching age
14 after July 1. 19681

Age of woman
(years)

Series

A
Series

B
Series

C

Series

1)

BIRTHRATES

15 to 191 87.4 77.0 64.5 51.8
20 to 24 233.7 203.6 168,0 131,8
25 to 29 180.9 167.9 150.8 133.8
30 to 34 102.5 103.1 101,6 100.4
35 to 39 50.7 5'.0 54.3 55.9
40 to 44 14.0 14.6 15.0 15.4
45 to 492 0.8 0.9 0.9 0.9

Completed fertility rate' 3,350.0 3,100.0 2,775.0 2,450,0

Median age of mother 25.3 25.8 26.4 27.2

PERCENT OF TOTAL

15 to 19 13.0 12.4 11.6. 10.620 to 24 34.9 32.8 30.3 26.925 to 29 27.0 27.1 27.2 27.330 to 34 15.3 lo.6 18.3 20.535 to 39 7.6 8.5 9.8 11.440 to 44 2.1 2.4 2.7 3.145 to 49 0.1 0.1 0.2 0.2
Completed fertility rate 100.0 100.0 100.0 100.0

Includes births to women under 5 years of age.
' Includes births to women 50 years old and over
Sum of age-specific birth rates over all childbearing ages for cohorts born

after July 1, 1954 and reaching age 14 after July 1. 1968
Source U.S. Bureau of the Census, Current Population Reports. Series P-25,

No 381. "Projections of the Population of the United States. by Age, Sex. and
Color to 1990. With Extensions of Population by Age and Sex to 2015," Decem-
ber 18, 1967, table S

lible 24-9. -Estimated and Assumed Completed Fertility
Rates, for S-Year Birth Cohorts of Women, According to
Four Projections Series, for the United States: Birth Years,
1900-05 to 1960-65

(Average number of children born by end of childbearing period per 1.000
women Rates below :Ne heavy line are Projections ompleted fertility rates
for birth periods 1950-55 and later correspond approximately 11980-551
or exactly (955-60 and later) to the "terminil" rates)

Birth perio8 of

women'

Age on

July 1,

1965

(years)

Cumu-
law!

fertility

rate to

Jan. I.

1966

Completed fertility rate

Series

A
Series

B
Series Series

0

1900-1905 60 to 64 2,421 2,421 2,421 2,421 2,421
1905-1910 55 to 59 2,273 2,273 2,273 2,273 2,273
1910-1915 50 to 54 2,310 2,310 2,310 2,310 2,310
1915-1920 45 to 49 2,553 2,553 2,553 2,553 2053
1920-1925 40 to 44 2,844 2,865 2)865 2,863 2,863
1925-1930 35 to 39 2,978 3,133 3,122 3,117 3,115
1930-1935 30 to 34 2,913 3,383 3,372 3,366 3,37
1935-1940... 25 to 29 2,284 3,368 3,346 3.322 3,295
1940-1945 20 tc 24 1,084 3,305 3,111 2,971 2,863
1945-1950 15 to 19 157 3,320 3,087 2,778 2,' 4
1950-1955 10 to 14 3 3,347 3,098 2,775 2,451
1955-1960 5 to 9 - 3,350 3,100 2,775 2,450
1960-1965 Under 5 - -3,350 3,100 2,775 2,4501965 and liter.- (2) - 3,353 3,100 2,775 2,450

- Represents zero
Period extends from July I of initial year to June 30 of terminal year
Born after July I, 1965

Source U S Bureau of the Census, Current Population Reports Series P-25,
No 381. "Projections of the Population of the United States, by Age. Sex. and
Color to 1990. With Extensions of Population by Age and Sex to 2018." Decem-
ber 18. 1967. table It
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Table 24-10. - Estimates and Projections of Cumulative and Completed Fertility Rates, by Birth
Cohort of Women, According to All Series and Series C, for the United States: Birth Years,
1900-01 to 1939-40

[Rates represent cumulative live births per 1,000 women up to age indicated. Rates below heavy lines are based, in whole or part, on
age-specific birth rates projected for years after 19661

Barth year of mother Up to

age 20

Up to
age 25

1900-1901
1901-1902
1902 -1903

1903-1904
1904-1905

1905-1906
1906-1907
1907-1908
1908-1909
1:09-1910

1910-1911
1911-1912
1912-1913
1913-1914
1914-1915
1915-1916
1916-1917
1917-1918
1918-1919'
1919-1920 4

1920-1921
1921-1922
1922-1923..,

1923-1924
1924-1925
1925-1926
1926-1927
1927-1928
1928-1929
1929-1930

1930-1931
1931-1932
1932-1933
1933-1934
1934-1935
1935-1936
1936.4937
193" -1938

1938-1939
1939-1940

310

314

315

314

311

307

303

290

281

279

274
264

248

240
243

24.
248

263

273

t.t

1,112
1,1).5

1,113

1,091
1,053

1,028
1,004
982
933
916

897
888
879
868
856
871
891
930

1,003
1,034.

269

273

281

289
280
266

275
320

351

377

384

407

426
438

448

454
464
479

481

487

1,016
1,049
1,087

1,126

1,166
1,205
1,253
1,322
1,376

1,449

1,480
1,550

,1,633
1,675

1,729
1,730
1,735
1,714
1,691

Up to

Age 30

Up to

age 35

Up to

age 4U

Completed
fertolity

rate

Median
ate of
mother

7111 series

1, "80 2,195 2,430 2,511 25.9
1,750 2,135 2,355 2,435 25,7
1,737 2,121 2,344 - 2,426 24.7
1,697 2,083 2,310 2,392 25.8
1,646 2,026 2,261 2,343 25.9
1,602 1,981 2,226 2,306 25.9
1,564 1,946 2,202 2,282 26.1
1,539 1,934 2,301 2,279 26.3
1,478 1,888 2,154 2,230 26.5
1,476 1,910 2,188 2,268 26.8

1,467 1,926 2,205 2,285 27.1
1,472 1,951 2,222 2,303 27.2
1,487 1,979 2,246 2,328 27.3
1,499 1,988 2,253 2,331 27.4
1,498 1,986 2,252 2,331 27.4
1,538 2,035 2,307 2,387 27.3
1,590 2,088 2,362 2,442 27.e
1,649 2,155 2,442 2,522 27.3
1,7 2 2,269 2,560 2,640 27.2
1,827 2,391 2,695 2,777 27.2

Series C

1,84r 2,406 2,701 2,778 27.0
1,886 2,457 2,747 2,822 27.0
1,924 2,500 2,782 2,854 26.9
1,980 2,558 2,834 2,903 26.8
2,048 2,622 2,893 ,959 26.7
2,105 2,676 2,937 3,002 26,a
2,162 2,724 2,971 3,036 26..
2,256 2,817 3,058 3,124 26.2
2,315 ?867 3,100 3,166 26.0
2,415 2,966 3,191 1,258 25.8

2,445 2 974 3,197 3,264 25.7
2,526 034 3,257 3,324, 25.5
2,619 3,112 3,337 3,404' 25.3
2,649 1,126 3,352 3,420 25.2
2,658 3,120 3,348 3,416 25,0
2,655 3,110 3,339 3,408 24.9
2,615 3,069 3,300 3,369 24.8i
2,576 3,032 3,264 3,333 24,7
2,516 2,973 3,207 3,276 24,7

'., 2,462 2,920 3,155 3,225 24.6

Source U S Bureau of the Census, Current Population Reports, Series P-25, No ")6I. "Projections of the Population of the United States, by Age, Sex, and
Color to 1990, With Extensions of Population by Age and Sex to 2015." Dec 18,1967. table A-I

national sample surveys of 1962, 1963, and 1964." (See the
section on "Expected and Ideal Size of Family" in ch. 17.) The
methods and results of these studies were rather similar. The
terminal levels of completed fertility assumed for the B and
C Series of fertility projections "straddled" the mean ndmber
of children expected by women in these surveys.

The cohort method of projecting fertility may be extended to
take into account other variables in addition to age, particu-

The former studies were carried out by the Scnpps Foundation for Research
in Population Problems. Miami University, and the Survey Research Ctnter.
University of Michigan, and the latter studies were carved out by the Popula-
tion Studies Center and the Survey Research Center. University of Michigan .
The methods and results of the 1955 and 1960 surveys are described in Ronald
Freedman. Pascal Whelpton. and Arthur A Campbell, Family Planning.
Sterility, and Population Growth, New York, McGraw Hill, 1959, anti Pascal
K Whelpton. Arthur A. Campbell. and John E Pattenton, Frrtility and Family
Planning in Me United States. Princeton, NJ.. Princeton University Press.
1966. The design and results of the 1962-64 studies are described in Ronald
Freedman and Larry Bumpass. "Fertility Expectations in the United States
1962-64," Population Index, 32(2) 181-197. April 1966

larly marital status. Like the general cohort method, this
method employs cumulative fertility rates for birth cohorts of
women and assumed levels of completed fertility. In this more
elaborate method, however, the rates relate only to married
women, and hence assumptions must be made about the pro-
portion of women in each birth cohort who will have married
by various later ages and about the fertility rates for ever-
married women cumulated to these ages. The cumulative fer-
tility experience of each birth cohort to date for ever-married
women is taken into account, of course.

Applications of this method were made by Whelpton and his
associates, who based their projections of completed fertility
of ever-married women on the fertility expectations reported by
married women in the 1955 and 1960 GAF Studies." In their
second study, they developed three series of population pro-

" Freedman. Whelpton, and Campbell, op cit. chapter II. and Whelpton.
Campbell, and Patterson. op cit , chapter 10
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jections- high. medium, and low-based on different assump-
tions regarding the percent of women who will ever marry. the
"average size of family" (i.e.. completed fertility rate for ever-

. married women). and The distribution of birth rates by age of
mother for ever-married women over the childbearing span.
(The mortality assumptions were essentially the same as those
used in the Census Burcau projections. except that the compu-
tations were carried out for 5-year age groups by 5-year time
periods. Net immigration was assumed to be 300.000 per year.
distributed by age and sex like the immigrant aliens in the
period 1957 to 1962.) The specific steps followed in develop-
ing the three series of projections of births are as follows.

1. Projections were made of the proportion of women who
will have married by specified ages in groups of birth cohorts
(tables 24-11 and 24-12) The three series imply corresponding
changes in median age at marriage. For example. the medium
seri..s implies a small increase (less than I year) in the median
age arriage.

2. Next. projections were made of the cumulative fertility
rates of ever-married women up to specified ages in groups of
cohorts, including the 'final ages of fertility The cumulative
marital fertility rates for each cohort group were projected to
the end of the childbearing ages on the basis of the average
exptctations regarding the size of completed families reported
in the GAF Studies. The cumulative figures up to specified
ages also had to be determined. For example. for cohorts
entering the marriageable ages about 1980 - 85.74.0 percent of
the cumulative births for ever-married women would have
occurred by age 30 in the medium series. as compared with
59.0 percent for the cohorts entenng the marriageable ages in
the early 1930's.

3 The cumulative fertility rates for ever-married women
in groups of birth cohorts were then converted into rates for
all women by multiplying the cumulative fertility rate for ever-
married women in a given age group at a given date (item 2
above) by the proportion of women who have married by that
age (item I above).

B x
P/ Pt Pi. (7)

The "medium" size of completed family indicated by the
married women in the GAF Stud) of ;960 was adjusted to
represent all women and accepted as the medium assumption
for completed family size in the Scripps Foundation project-
tions (2.820) The high (3.395) and low (2.275) assumptions
correspond to the highest and lowest completed fertility rates
that have been reached or seem likely to be reached by cohorts
born so far in this century (1930 -35 and 1905-15, respectively).

4. The rise from one age group to another in the cumula-
tive fertility rate of all women, for a given group of birth
cohorts (item 3). was used to derive the number of births added
per 1.000 women in a given initial age group during each 5-year
interval.

5. The projections of births per I .000 women in a given
initial age group in a 5-year penod (item 4) were then applied
cumulatively to the female population by age at the beginning
of the interval to obtain the number of births occurring to the
women during the period.

Another demographic variable which may be taken into
account in the application of the cohort-fertility method is the
order of birth of the child. Completed fertility rates for a given
birth cohort and birth order would represent the number of
births of a given order per 1,000 women or evermarriefl

2t;

Table 24- I I . - Estimated and Projected (Medium Series)
Cumulative Marriage and Fertility Rates for Cohorts of
Women Born in 1930 to 1933, by Successive Ages, for the
United States

'These cohort, reach lc to 19 years of age in 1960 and 4% to 49 year, of age in
1980 Percents and rates below the horizontal line ale projections]

Age

( umulatise

percent ever

Number of

!lochs per

1,000 soma,

Number of

births per

1,000 total

Dears] maned
ever married

women

il,,(2)

15-19a 17.3 729 126
20-24 6c,8 1,397 975
25-29 89.3 2 394 2 134
30-34 9 ?, 3, 2,;"
35-34 "PA..) 3,350 3,14940-44 95.0 3,440 3,26845-49 15.5 3,4;0 3,2)5

Source U S Bureau of the ( ensue. ( wren' Popithitum Rept et s Series P-24
No 286. -Protections of the Population of the United States. by Age and Sex
1964 to 198%. with Fstensions to 2010.- July 1964. table 1)-2

Table 24 -12.- Estimated and Projected (Medium Series)
Cumulative Marriage and Fertility Rates Up to Ages 45 to 49,
for 5-year Birth Cohorts of Women, for the United States:
Birth Years, 1900-05 to 1950-55

'Percents and rates helosa the horizontal line are projections)

Barth period of

Year in which

cohorts reach-
Percy,
ever

Births per

1,000000 women

births per

1,000

"'CI'
women Ades 15 Ages 45 married ever married ''''men

to 10 to 49
(4) s (4))--

(I) ' (2) (i) (4) 5)

1900.1905 1920 " 1950 92.2 2,625 2,420
1905 -1910 1925 1955 42.4 2,458 2,271
1910-1915 1)30 1960 93.3 2481 2315
1915..1920 1935 1965 95.0 2;710 2,365
1920.1925 1940 1970 96.5 3,006 2,895
1925-1930 1945 1975 96.10 3,300 3,168
1930-1935 1950 1980 95.5 3,450 3,295
1935-1940 1955 1985 95.0 3,300 3,135
1940- 1945 ...... ,. 1963 1990 94.! 3,200 3,324
1945-1950 1965 1995 94.5 3,100 2,930
1950,1955 1970 2000 04,0 3,000 2,821,1955 or later 1975 ,,r 20(.5 ,r

later later 94.0 3,000 2,2,)

' Period extends from July 1 of initial year to June 10 of terminal year

Source U S Bureau of the ( emus urreni P,,pulation Re perch, Series P-2%.
No 286. -Projections of the Population of the United States, by Age and Sex
1964 to 198%. with Extensions to 2010." July 1964, table ID-1

women at the end of childbearing. The available cohort fertility
tables for the United States include order of birth as a variable.
but not martal status." It would be possible, however. to
extend the cohort-fertility method to include bath order of
birth and marital status. The expectations data from the
fertility surveys provide a basis for making assumptions regard-
ing the fertility rates for first births. second births. etc.. at the
end of childbearing. This approach requires assumptions not
only about the completed fertility of each cohort and the
timing of their future births, but also about the future age at
marriage, or percents ever-married by age. and order-specific

"See, for example. U S National ('enter for Health Statistics. Usual Stamm
of the UnitetiStufes, 1966 Vol 1, Notohis. 1968
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marital fertility. These additional assumptions, like the basic
ones required by the simpler variation, are subject to consider-
able uncertainty and may contribute to an increase in the
"error" of the projections. On the other hand, the explicit
introduction of tC,e additional variables relating to marriage
and order of birth assures reasonable implicit assumptions in
these components of the overall fertility rates.

In spite of the apparently superior logic of the cohort-
fertility approach to projections of births as compared with the
period-fertility method, it has a number of weaknesses. First,
there are serious difficulties in determining the future level
of completed fertility of each cohort; yet, the results depend
heavily on these assumptions. Expressed birth expectations
may be unreliable because of changing circumstances,
particularly for young women who have recently married and
who have not begun childbearing. Making assumptions about
the level of comp:_ted fertility is particularly hazardous for
cohorts which have not yet married or even entered the child-
bearing ages, for whom expectations data are not available.
(In only a few years women who are not currently married
will be,eontributing a large share of births-about 50 percent
in the firth year of the projection period on the basis of U.S.
data, for example.)

There are problems also in devCoping realistic assumptions
regarding the timing pattern of the various cohorts-the other
important determinant of the annual number of future births.
(Changes in timing affect period rates even when the size of
the completed family does not change.) The past may not be
a good guide because of prospective changes in the socioeco-
nomic milieu, and the survey data on birth expectations now
available can tell us little or nothing about future annual
changes in fertility, particularly after a few years of the pro-
jection period have passed."' Mathematical procedures for
projecting the fertility of cohorts which have already started
childbearing may be useful for these cohorts but cannot serve
as a satisfactory basis of projecting the total fertility and
timing pattern of cohorts which have not yet entered child-
beanng.47 Accordingly, research has turned to an alternative
method, the marriage-parity-interval progression met... ,

which involves a greater disaggregation of the data and a more
realistic structuring of the components.

Marriage-purity-interval progression method.- A number of
sequential probability methods may be devised which take
several fertility-related variables into account simultaneously.
They employ fertility rates in the form of probabilities and es-
sentially operate in attrition fashion, using as successive bases
the progressively smallei numbers of women who have ex-
perienced each successive type of event. The particular sequen-
tial probability method described here, des;gnated the marriage-
panty-interval progression method, takes joint account of the
variables of marriage, panty, and birth interval, as the name
suggests. Single women a e reduced in numbers by marriage.
childless mamed women may become 1-parity women. I

panty women may'become 2-panty skmen, etc. The specific
procedure employed in developing "high" projections of births
for the United States from :960 on by the marriage-panty-

". For a general cnticism of expectations data as a basis for projections of
birth. see Norman 6 Ryder and Charles F Westoff. 'The Trend of Expected
Panty in the United States 1955. 1960. and 1965." Population index 33(7) 153-
168. Apnl-June. 1%7: anti Jacob S. Siegel and Donald S Akers. "Some Aspects
of the Use of Birth Exp,ctatiuns Data from Sample Surveys for °ojIation
Projections." Demography 6(2) 101-115, May 1969

Donald S Alters. "Cohort Fertility vs Panty Projectiopras Methods of
( Projecting Births, Demogeaphy, 2:414-423, 1965
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interval progression method, as devised by Wilson H. Grabill
of the U.S. Gureau of the Census, is as follows 48

1 First marriage rates (i.e , first marriages at a given age
per 1.000 women single at the next younger age) were com-
puted by single y^ars of age, primarily on the basis of the 1960
census data on the percent single among women (table 24-13).
As suggested in chapter 19, such rates may be computed on
the basis of the age-to-age changes in th "ercent single shown
by the census, expressed as a percent 01 to figure at the earlier
age. (Adjustments may then be made to obtain a smoother pal-
m 1 of marriage rates at some ages.)

Table 24-13. - Assumed With Series) First Marriage Rates
for the White Population of the United States, by Age

(First mamages at age x per 1,000 women single at age x-II

Age at last birthday
(years)

First
marriage

rates

Age at 1..1 birthday
fy.arsl

First
marriage

fate!

14
15
16
17
18

19
20
21
22
23

24
25
26
2'7
28
29

11
12
35
67

142

212
239
255
250
235

200
170
140
12C
100
80

30
31
32
33
34

35
36
37
38
39

40
41
.2
43
44

60
' 45

35
29
23

18
17
16
15
13

11
16

8
7
7

Source U S Bureau of he ( ensus. Current Population Reports, Series P-25,
No 2116. -Projections of he Population of the United States, by Age and Sex
1964 to 1985. with Extensions to 2(110." July 1964. table E- I

2. These age-specific first marriage rates (item 1 above) in
combination with an initial distribution of single women by age
and age-specific survival rates, were used to derive annual
projections of first marriages of women of childbearing age, and
of women who were still single, by age The marnage rates and
survival rates were first applied to the sin_ ..; population by age
on the census date to obtain estimates of the number of women
who married in the year after the census and the number still
single at the end of the year. Triveprocess was repeated from
year to year. (A single set or a variable set of first mamage
rates could be used in future years.)

3. Next, panty- interval- specific birth rates were estimated
As may be recalled, a parity-interval-specific birth rate repre-
sents the probability that a woman of parity n at a given date
will have a birth of order n + 1 dunng the next year. weed:- by
the interval since marnage or previous birth. For this purpose,
it was necessary, in effect, to develop estimates of women by
parity and interval since the birth of the previous child (interval
since marriage for childless or zero-parity women) and of births
by order and interval since the birth of the next lower t, der. In
the calculation of the parity-interval-specific rates. extensive
use was made of annual birth registration data by age and order

" U S Bureau of the Census, Current Population Reports, Series P-25, No
286. "Projections of the Population of the United States, by Age and Sex, 196.4 to
1985. with Extensions to 2010," by Jacot S Siegel, Meyer biter, and Donald S

Alters, July 1964. pp, 35-37 and 84-86
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of birth over a period of about 20 years compiled by the Na-
tional Center for Health Statistics, and of sample survey data
cibnpiled by the Bureau of the Census that classified women
by date of marriage and date of birth of each child and from
which interval between births was inferred." Intervals of 12
months were used in the distribution of women in each parity
group, and parity groups up to the sixth (the terminal group
being seventh and over) were considered separately. Two sets
of birth rates for the second to sixth order were computed- an
"initial" set which was assum..J to apply only to the year after
April I, 1960, and a "terminal" set which was assumed to
apply to certain later years (table 24-14).

4. The initial parity-interval-specific birth rates (item 3)
were then applied to the female population by parity and birth
interval in 1960 to secure projections of births by order and
birth interval in the year after the 190 census. The results
were then used to obtain projections of the female population
by parity and birth interval for the end of the first year, which
became the ba!is for the application of the interpolated panty-
interval-specific birth rates for the second year after April I,
1960, and so on sequentially. If allowance has to be made for

illegitimate births, first births may he increased by an appro-
priate percentage. Alternative series of birth projections could
be based on higher or lower parity-interval-specific birth rates.

In the application of the marriage-parity-interval progression
method described, no direct account was taken of the distri-
bution of the women by age or year of marriage in estimating
the births (except in the projection of first marriages). How-
ever, the concentration of births within a narrow spacing range
provides some indire,:t control of age. In the absence of in-
formation on age, it is very difficult to convert the fertility
rates used in the marriage-parity-interval progression method
into completed fertility rates for birth cohorts.-The method can
be elaborated to incorporate the factor of age or duration of
married life, but the necessary information is only infrequently
available.

The application of the marriage-parity-interval progression
method requires a considerable volume of data relating to the
marri -I and childspacing practices of women, based pref-
erably on census or survey data on marriage histories and birth
rosters for age cohorts of women. Even so, at best, only cur-
rent rates can be directly derived from these data, and pro-

Table 24-14. Assumed (High Series) Initial and Terminal Values for Parity-Specific Bird, Rates
of Children of First to Fifth Order, by Birth Interval, for the White Population of the UnitedStates

(Births of given order n during interval per 1.000 women of parity n- 1 at start of interval!

Interval mace first *swage
of wooer et since birth dote

of previous child
(soothe)

Jai births
per 1,000
0-parity
women1

Initial values Terminal values

2nd births
per 1,000
lpartry
women

.--k\ 3rd births
per 1,000
2 -panty
women

4th baths
per 1,000
3-parity -
women

5th births
per 1,000
4 -parity
MOM..

2nd births
per 1,000
1-parity
women

3rd births
per 1,000
2 -puny
women

4th births
per 1,000
3-parity
women

5111 births
per 1,000
4 -putty
women

0 to 11 332 39 28 23 20 36 25 21 2012 to 23 409 357 221 201 180 335 198 183 17224 to 33 .317 351 215 188 170 323 191 168 15536 to 47 234 302 184 147 133 261 158 125 11448 to-59 179 262 142 108 99 214 119 88 7960 to 71 153 199 108 59 55 150 89 42 3572 to 83 r 118 159 85 50 48 117 69 35 3064 to 95 85 1.25 68 41 41 92 54 28 2596 to 107 62 108 56 36 36 75 44 24 22108 to 119 43 87 46 30 31. 61 36 20 19120 to 131 39 63 21 22 22 44 13 10 91.32 to 143 30 49 18 14 1.. 38 11 7 6144 to 155 23 43 16 10 10 34 ,,,,,
5 4156 to 167 17 44 16 8 8 27 10 4 3168 to 179 13 42 15 6 5 22 9 3 2180 to 191 13 31 11 3 3 18 7 1 1192 to 203 11 20 6 13 4 - -204 to 215 8 14 - - 8 - -216 to 227 7 10 - - 4 - -228 to 239 5 5 - - 3 - -240 to 251 6 2 .. - 2 - -252 to 263

264 to 275
4
3

1

-
-
- ,- -

-
1

-
-
-

- -
276 to 287 2 - - - - - -288 to 299 1 - - - - - - -300 and over - - - - - - ... -

Represents zero or rounds to zero
, Initial and terminal values are the same

rice. 4.1.S bureau of the Census. Current Population Reports. Series P -2 S. No 286. "Projection if the Population of the United States, by Age and Sex 1964to I 8 . Wi'4 Extensions to 2010," July 1963. tables E-2 and E-1

* U.S. Bureau of the Census, Current Population Reportt, Seri. s P-20. No
1011. "Marriage. Fertility. and Childspacina." August 1959. by Wilson H Cira-
bill and Ruben Parke. Jr.. July 12. 1961
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jection of the rates to allow for possible future changes is still
necessary. There may be few, if any, guides for doing this, as in
the case of cohort fertility rates.

The marriage-parity-interval progression method may be
most useful in making short ;term projections of births since
changes in marriage and Chirdspacing patterns would be ex-
pected to hapge less in the short term than in the long term.
In the long term it would seem useful to "control" the changes
in fertility to some Predetermined level of cohort-completed
fertility, possibly by merging the two methods after several
years and then shifting entirely over to the cohort method in
the long term." The refinement of the marriage-parity-interval
progression method of projecting fertility may serve as the
fertility component of a complex demographic modei based on
aggregated data using macrosimulation techniques (ch. 22,
"Demographic Models").

Projections of Net Immigration.- For many countries inter-
national migration has long been of negligible magnitude, and
for others it has dwindled away to a trickle as compared to the
heavy flows of the past. The passing of the frontiers of settle-
ment and the enactment of very rigid national laws with respect
to either immigration or emigration, or both, have contributed
to this reduction of migration flows in relation to the corres-
ponding national population totals, and there is little likelihood
of a resumption of heavy flows. The volume of net immigration
will'often be too small, therefore, to justify separate treatment
of this component in population project ns. Frequently, also,
the mere lack of adequate historical inf mation on the; volume
of migration dictates an assumptio no net migration. In
making projections of national population for many, and
possibly most, countries of the world, therefore, it is satis-
factory to ignore this component, i.e., to assume that the net
balance will be nil. This was the assumption employed iripthe set
of country projections published by the United Nations in
1958."

As was noted in cha er 20, however, in a fair number of
cases, net migration onstitutes at least 10 percent of net
population change. In the case of Australia (net immigration)
and Ireland (net emigration), it is a major factor in population
change 14- waver, even though the volume of net migration is
small, population projections by age may be strongly affected
because of the special sex-age composition of the migrants.
It is desirable, therefore, to allow for net migration in some
cases.

The allowance for international migration may be an arbi-
trary rounded amount, roughly in line with recent experience,
which is assumed to remain constant for the duration cf the
projection period. If the calculations are done by age and sex,
a constant age-sex distribution may also be assumed. Al-
ternatively, a constant rate of migration may be assumed or
the amount or rate of net migration may be projected on the
basis of the recent trend. The age-sex distribution of migrants
is unlikely to resemble the population of the sending or re-
ceiving country, young adult males tending to be over-
represented among migrants. Therefo-e, the age-sex distribu-
tion is best taken from an availab,. distribution for recent
migrants. y

To simplify the computations, the migrants may be added to
ir subtracted from the population at the end of the year of
entry or departure or, less precisely, the quinquennium of

" Aken. op cit.. p 427. Siegel and Akers. op. cit.. p. 114
" United Nations. The Future Growth of World Population. p 40.

entry or departure. This simple assumption eliminates the
need of allowing for deaths or births of the migrants during the
period of entry or departure (the average period of exposure to
the risk of birth and death. being one-half of each projection
period). At the same time, the age distribution of the migrants
should be adjusted to reflect the change in age between the
date of migration and the end of the migration period. Follow-
ing the period of arrival, the same birth rates and death rates
may be applied to the immigrants as to the general population.
Any difference in the level of fertility or mortality of the
general population and the immigrant population would have
very little effect on the future population. These simplifying
assumptions eliminate the need oar special calculations of
fertility rates and survival rates, and special adjustments of
the data on migrants.

The projections of the population of Great Britain made by
the Royal Commission in 1947 employed two series of migra-
tion projections, each of fixed absolute amounts." Net immi-
gration was assumed for some population series and net emi-
gration was assumed for others because of the great uncer-
tainty regarding the prospects in the postwar recovery period.
Population projections for Australia from 1960 to 1975, made
by Borne and Rodgers, employed three different assumptions
regarding immigration: " (a) None, (b) ;constant annual amount,
and (c) declining annual amount. Allowance was also made in
these projections for the indirect effects of immigration on
fertility rates. Since most arriving women were either wives ar
fiancees and since the surplus of adult males among the immi-
grants helped to increase the proportion of native Australian
women (and of earlier immigrants) who were married, separate
levels of age-specific fertility rates were used for the no-
migration and with-migration assumptions.

The four principal series of projections published for the
United States in 1967 each employed the same assumption of a
constant annual net immigration of 400,000 from July I, 1966,
to July I, 1990." This number corresponds roughly to thoi vol-
ume of net immigration in the middle sixties. For the age Lad
sex composition of net civilian immigration, the same allowance
was used for each year in each series of population projections,
corresponding to the distribution in 1961-64. The future addi-
tions to the population resulting from an annual net immigra-
tion of 400.000 persons between 196% and 1990 may be deter-
mined by comparing projections assuming this amount of net
immigration with projections assuming no migration, under
the same fertility and mortality assumptions. Such a compari-
son, indicating the cumulative additions or losses by compo-
nents of change, is given in table 24-15 for the projections with
B level fertility and slightly declining mortality. The projected
contribution of net immigration to population growth between
1966 and 1990 is 13.6 million: this is the total difference be-
tween the two series of population projections. Four hundred
thousand (net) immigrants per year %maid i.omulate to 9.6 mil-
lion over 24 years, but over 4 million more would be added by
the natural increase of the (net) immigrants in this period (4.6
million births less D.6 million deaths).

The most recent national projections prepared at the United
Nations illustrate the projection of a changing amount of
migration. For a few countries (in Europe, the Americas, and

"Great Bntiun. Royal C ommission on Population. op at p 216
"IN. D some and Ruth Rodgers. Australian Population Projections 1960 to

1975. Department of Demography. Australian National University. Canberra.
August 1961.

"U S. Bureau of the Census. Current Ptipulation Reports. Series P-23, No
311. p. 42
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Table 24-15.- Future Additions to the Population of the United States Resulting From an Annual Net
Immigration of 400,000 Persons, By Components: 1966 to 1990

[Numbers in thousands. cased on projections assuming an intermediate (B) level of fertility and slightly declining mortality.
Population series with immigration assumes that immigrants do not have births or die during the year of arrival. Base date isJ uly 1,
1966]

Year (July 1)

Cumulative additions or losses Additions or losses during preceding

Net addition.

Births Deaths
Ner

11111111111fItIOR

Net
addirioni Births Denbo

Number
Percent of

total
population'

1970 1,697 0.8 107 10 1,600 1,697 107 101975 4,183 1.9 652 67 3,600 2,406 545 571980 7,026 2.9 1,605 5,600 2,843 953 11.01985
1990

10,179
13,626

3.8
4,8

2,929
4,616

347
588

7,600
9,600

15,133
3,447

1,324

1,687
170
241

nod

Net

issoiratio

1,600
2,000
2,000
2,000
2,000

dose ss population including allowance for net immigration on date indicated

Source U S Bureau of the Census. ( arreni Popillotion Reports. Series P-25. No 381. "Projections of the Population of the United States. by-Age. Sex and
Color to 1390. with Extensions of Population by Age and !:ex to 2015." Dec 18.1967, table DD. p 43

Oceania), assumed annual amounts of net immigration for the
initial period (1960-80) were projected linearly to zero
between 1980 and 2000.33

Because it is often impossible to arrive at a satisfactory
measure of past trends in the volume and age-sex distribution
of net migration and because it is extremely difficult in most
cases to predict the future course of migration with any can -
fidence, model allowances and Model tables may be employed
to allow for this component. These may eitiler be incorporated
into the principal population projections, or they may be
computed and displayed separately from those projections.
The model can be used to measure the effect of any given an-
nual amount of migration upon the population figures for the
various sex-age groups. A model may be applicable to li'group
of countries in a particular geographic region, although it may
be based on the statistics of recent immigration and emigration
for a single country. Other models, suited to different situations,
can be developed by the same methods. The U.N. projections
for Latin America were accompanied by a model which could
be used to estimate the effect of any given annual amount of
immigration and emigration upon the sex-age distribution for
various countries in Latin America." The model is based on
the statistics of postwar (1948-52) immigration and emigration
for Argentina; it presents the effects of immigration at the rate
of 100,000 a year and emigration at 25,000 - year, with an
annual net immigration of 75,000. The effect of any alternative
amount of net immigration or net emigration may be determined
by inflating or deflating the model figures pronortionately; i.e.,
halving the figures if. only 37,500 net immigration is to be
assumed.

Normally, the two components of international migration,
immigration and emigration. are projected in combination as
net migration. Consideration may be given to projecting im-
migration and emigration separately when separate trends in
these components can be identified and net migration is
sufficiently large. Even when there is an overall balance of
roughly zero net migration for a population, there may be

*United Nations. World Population Prospects as Assessed to 1963, pp 46-47
"United Nations. The Pcpulation of South America, 1950-1980. Annex C,

and United Nations. Methods for Population Projections f ; Sex and Age. tables
47-30. pp. 64-67.

0
e l

ti

substantial gross migration and, under these circumstances,
the contribution of immigration and emigration to the gross
migration may vary from one age to another. If the age-sex
distributions of immigrants and emigrants differ considerably,
there may be reason to project, and evaluate the effect of,
immigration and emigration separately. Projections for West
Germany made in 1c63 provided one alternative with net
immigration through 1969 but added a table giving the sur-
vivors and descendants annually over a period of 40 years of
100,000 immigrants and 100,000 emigrants by sex."

United Nations Projections of 1966. -The population projec-
tions for the countries of the world published periodically by
the United Nations represent the single most important set of
international population projections available. We describe
these projections here as an illustration of how the components
of population change may be combined ift developing a compa-
rable set of population projections. In its latest set of population
projections, .those published in 1966, the United Nations
applied the same method uniformly for every world region in
order to- achieve a certain degree of interregional comparability,
even though the methods are too crude for some areas and too
refined for others."

These projections employed the U.N. set of model life tables,
which provide a representative set of survival rates for any
general mortality level defined in terms of e.. These generalized
assumptions were modified where this was considered appro-
priate, and for particular countries expectation of life at birth
could exceed the limit of 73.9 years assumed for the txt of
model tables. The system calls for a steady decline in mortality
in future in all countries; no increase in mortality is con-
templated. The amount of plausible variation in death rates in
most regions of the world appears rather small, compared with
that for birth rates, and so only one mortality assumption was
employed to carry out the projections for most regions. In the
case of the remaining regions, however, high and low assump-
tions of mortality were employed.

" Karl Schwarz. "Vorausschtitzung der Bevalkerung des jundessebietes his
turn Jahr 2000" (Projections of the population of West Germany to the year
2000): Wirtschl) and Penni* (Wiesbaden), 12:729-733. Dec. 1961.

*United Nations. World Popsdation Prospects as Assessed in 1963. pp. 44-411.
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The use of a generalized procedure of allowing for mortality
introduces some error. particularly where the trend" of the
model tables is not consistent with the actual past trend in a
given country, or even with the actual current level in the
country if it were known Other errors may be more serious as,
for example, the inadequacies of data on the age distribution
from which Cie projections "take off."

The assumptions on fertility are stated in terms of the U.N.
sex-age-adjusted birth rate (s.a.a.b.r.). Assumptions on fer-
tility were formulated differently for regions with gross rz-
production sates greater than 2.00 and those with gross
rept eduction rates less than 2.00. Most of the world's popula-
tion has high fertility, which may very well decline by the year
2000, but these is little basis for formulating specific assump-
tions. For these high fertility regions (i.e., with GRR greater
than 2.00), it was assumed that fertility would begin to fall at
various dates before 2000 as follows: Taking general account
of the record of other countries which have already experi-
enced a decisive fertility decline, the s.a.a.b.r. in successive
5-year periods following onset of the &cline was assumed to
average 97.5. 90, 80, 70, 60, 52.5, 'And 50 percent of its initial
value and to rttmairethereafter at this level (i.e., after a 30 ,ear
period). Alternative high, medium, and low assumptions were
made for eacjegion in terms of the assumed date of onset of
the fertility decline, and the alternative dates were set wider
apart in some regions than in others. In the high assumption
the date of onset was assumed to be later than in the low as-
sumption. (The rate, duration, and ultimate level of fertility
were assumed to vary from this general assumption in some
cases.)

For the regions of low fertility (i.e., with GRR less than
2.00), the high, medium, and low assumptions were based on
an examination of variations previously observed in these
regions. For the high assumption, the s.a.a.b.r. was assumed to
average 20 from 1970 onward ip regions of very low fertility
and 25 per 1,000 in regions of moderately low fertility. For
the low assumption, the s.a.a.b.r. was assumed to fall to be-
tween 16 and 18 in 1970.

Allowance ;or net migration was limited to those regions
there the recent volume of net migration had been relatively

dirge in proportion to the natural population increase Europe,
the Americas, and Oceania. The principal assumption was
that, in the period 1960 to 1980, there would be a fixed annual
migratory loss from Europe of 230,000 to America and
Oceania; between 1980 and 2000, the migratory balance would
diminish linearly to zero. (The assumption comprises a net
immigration, presumably mostly from Europe, of 40,000 an-
nually to Temperate South America, and an equally large net
emigration, piesumably mostly to the United States, from the
Caribbean and the Midile American mainland.) it was further,
assumed that an annual migratory balance of 1,000 persons
would entail a demographic gain or loss) of 12,000 persons
within the first 10-year period, and 15,000, 18,000, and 20,000
in each of the next three 10-year periods. These additions
(or losses) represent the combination of the direct additions
due to net inroigration and the indirect additions through the
natural increase of the migrants.

Three sets-of projections are presented for the world, major
areas, and regions, labeled "medium," "high," or "low," based
on census data or estimates of total population and age-sex
composition for years around 1960. The individual series gen-
erally represent the combination of high, medium,. or low
fertility with the single assumption on mortality and migration.

In the few regions where high and low assumptions of mortality
were employed, these were combined with either high or low
fertility depending on the circumstances in each region. In
general, only one set of projections, corresponding to the
medium variant, is presented for each country. The medium
senes is intended to follow the most plausible population trend,
and the high and low series are designed to represent upper
and lower boundaries of the range of maximum plausibility or
estimates of the range of error in the medium series. This range
varies from region to region. A fourth series, "constant fertility,
no migration," allowing for mortality improvement, is designed
to serve as a basis for evaluating changes in the other series.
Available (official) national projections, extrapolated if
necessary to 1981, were generally employed for individual
countries.

Subnational Projections of Total Population and Age-Sex
Composition

In turning from the methodology of national projections to
the methodology of projections for geographic subdivisions, we
must become concerned with the outlook for internal migration.
Although the assumption that future international migration
will be nil or negligible is justified for many countries, internal
migration (particularly rural-urban migration) involves a large
proportion of the people in almost all countries, indeed, as we
saw in chapter 13, the growth rates of a country's political
subdivisions tend to differ largely because of internal migration
rather than natural increase.

The problem of making population projections is rather dif-
ferent for political units, such as States and counties, and for
subdivisions that represent statistical classifications, such as
urban-rural areas and areas classified by size. As was noted in
chapter 6, the former are subject to relatively few boundary
changes, whereas the latter are frequently reclassified after the
results of each census become available. Changes in population
resulting from boundary changes and revised statistical
classifications constitute, in effect. another major component
along with migration which must be considered in making
projections for these areas We will consider here only the
methods of projecting population for relatively stable, political
areas not affected by boundary changes.

The range of methods applicable to subnational projections
is more extensive than for national projections. This situation
results from the fact that both independent methods and
methods dependent on the projection for another area (either
another geographic subdivision or. more commonly, the
country as a whole) may conveniently he employed in the
talc 'anon, from the fact that the methodology must consider
internal migration as an additional factor. and from the fact
that many types of data are relevant and often available.
Although internal migration is often an important factor in local
population growth, and it must be taken account of in projec-
tions, the allowance for this factor does not have to he explicit.
The vanous methods for subnational projections include
mathematical methods and ratio methods: cohort-component
methods, methods using economic analysis particularly cor-
relation with "indicators," i.e., variable,' whose changes mere
or less reflect changes in population. and combinations of these
methods. The various analytic methods attempt to take ex-
plicit account of one or more of the demographic or socio-
economic variables with which change in the geographic distri-
bution of the population is related. Once again, because some
methods derive the projection, of total population by com-
bining projections for age group'. and because others may be
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applicable for deriving projections of both total population
and ase-sex structure directly, it is convenient to consider the
projection of total population and age-sex structure at the
same time.

Mathematical and Ratio Methods.- We consider first those
methods which employ a minimum of independent data, as-
sumptions, and variables for making the projections. Even
when additional statistics, including estimates of past net
migration, can be developed, one does not have to use the more
complex, analytic methods, especially if projections must be
prepared for a large number of geographic subdivisions and
rough figures are satisfactory. In the mathematical methods,as
previously noted, typically the series of total population figures
for past years for the area are directly extended to future
years by use of some mathematical formula, without benefit of
other related series of projections. In the ratio procedures,
typically the series of total population figures for past years-are
extended by mathematical formula as a ratio of the population
for some larger area for which population projections are al-
ready available. Sometimes the two methods may be applied
in such a, way as to imply algebraically nearly the same pro-
cedure and give the same results; for example, projections for
a set of geographic areas derived by mathematical extrapola-
tion of absolute totals andro rata adjustment of these extrap-
olated figures to prior projections of the parent (i.e., more
inclusive) population may closely resemble projections ob-
tained by the ratio method.

Mathematical methods. -The forms of mathematicalcurves
useful for making projections of local population are very much
tht same as those useful for making national projections, as
noted. earlier and as described in chapters 13 and 22. Local
populations may be projected by straight lines, simple geometric
curves, polynomials of second or third degree, or complex
growth curves such as the logistic curve. The curves may be
passed exactly through the past data or simply approximate
them. The particular curves differ in their suitability for par-
ticular situations or in the probable errors associated with the
results. Special caution is necessary in the use of mathematical
curves for prOjettion purposes. A mathematical curve may
project an unreasonably large figure for a local area in relation
to a prior projection for the parent area and, in extreme cases,
may project a larger figure, even with the same mathematical
curve. None of the curves, except possibly the logistic, is
applicable over a long period because they imply either
unlimited growth or indefinite continuation of the same growth
pattern.

Ratio methods. -The ratio method of projecting total popu-
lation is peculiar to pmjectitnis for geographic subdivisions. In
this method the percentage distribution of the parent popula-
tion (e.g., a country) among the geographic subdivisions (e.g.,
States) is observed for one or more past dates, projected to
future dates, and applied to an independently derived projec-
tion of the parent population. For the projection of the percents,
the percent distribution may be held constant at the last
observed level or may be modified in some way to take account
of the past trend. Although, in principle, the chief factor affect-
ing the redistribution of population is internal migration and
this component of change is quite likely to be influenced by
economic developments, there is no direct practical way of
taking account of plans or expectations concerning the eco-
nomic development of regions in the ratio method. The percent
distribution may be assumed to approach a stable condition
after a great number of years on the ground that differences in

9

fertility and mortality will have disappeared and net migration
will have fallen off to zero for each area. There are many
ways of accomplishing a shift to stability in this distribution.

One procedure for calculating projections by the ratio
mett.od may be illustrated for the provinces of Canada (table
24-16). These projections assume that the average annual rate
of change in the percents observed between June I, 1961, and
June 1, 1969, for each area will fall off linearly to zero by the
year 2,025.5* First, the percent distributions of the national
population by provinces in 1961 and 1969 are calculated
(cols. 1 and 2). Second, the average annual rates of change be-
tween 1961 and 1969 are derived (col. 3). They are assigned to
the middate of the period. Dec. 1965. These rates of change are
then extrapolated according to the -basic assumption noted
above (cols. 4 to 9 and cols. 13 to 17). The population percents
of Jone 1969 are then extrapolated to 1975 (col. 10) and 1980
(col. 18) according to the annual percent changes previously
determined for each projection year. These percents do not
automatically add to 100.0 and require some adjustment (cols.
11 and 19). Finally, in columns 12 and 20 the absolute figures
are obtained by multiplying the percents by an independently
derived projection of the total population of the country."

Another variation of the ratio method employs an assumed
relationship between the area's own growth rate and that of
another area for which a projection is already available. In
this case the other area may be a broader area or a coordinate
geographic subdivision. The method is especially applicable
when (a) adequate population and vital statistics are lacking
for a given area, (b) data are lacking for part of an area's popula-
tion, for example the tribal or nomadic population, or (c) the
relatively sms '4 population of the area or the limited time
available make- it impractical to construct an independent
projection.

The ratio method in either form may also be used, of course,
when a single geographic subdivision requires a population
projection. Moreover, it is readily capable of extension to a
hierarchy of subdivisions. For example, having been used for
states or provinces, it may next be used for the counties or
communes of which these primary subdivisions are constituted;
in this case, the projections for the primary subdivisions are
employed as totals to which the secondary set of percentage
distributions is applied.

The ratio method may be readily adapted to derive projec-
tions of the age-sex distribution of geographic subdivisions.
Two types of ratio techniques are considered here for pro-
jecting the age-sex distribution of the primary divisions of a
country. Both require prior projections of the national popula-
tion by age and sex and of the total population of each area.
The first employs the ratio of the percent of the area's popula-
tion in each age-sex group to the corresponding percent for the
national population at the last census." It is then assumed that
the ratios of the percents will not change, will change according
to the intercensal "trend," or will change according to some
other principle, as for example, that the rati will approach
unity by some distant date. The projected ratios are then
applied to .the projections of the percent distribution of the

All calculations are actually carried out in terms of proportions rather than
percents (i e . on a unit basis)

*An alternative briefer method of projecting the ratios is illustrated in.
Helen R White..1 S. Siegel. and Beatnce M Rosen. "Short Cuts in Computing
Ratio Projections of Population." Agricultural Economics Reston h. 5(1).5- I I.
January 1953.

* For an application of this method. see Margaret .1 Hagood and 1 S. Siegel,
"Projections of the Regional Distnbution of the Population of the United States
to 1975," Agricultural Economics Research. 3(2) 41-52. April 1951
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Table 24-16. Projection of the Population of the Provinces of Canada by the Ratio Method from
1969 to 1975 and 1980

Pomace

Peewit dieuibeties
erporelationl

Average maws) rate of cheap in perceata
PreItettnaro

percent
dtattlbetton,
Ione I, 1975

(10)

Eattosted,
196t.69

(3)

Protected

Cavan,
Igoe 9, 1961

(1)

liottosees,
Jaw 1, 1969

(2)

1969-70

(4)

1970-71

(5)

1971.72

(6)

1972.75

(7)

1975-74

(a)

19705

(9)

Swede 100.000 100.000 (x) (1) (X) (x) (X) (x) (x ) 100.166
NeWfauedland 2.510 2.441 -0.349 -0.322 -0.)16 -0,310 -0,304 -0.298 -0,29; 2.399Prime &Ward Mend. 0.574 0.522 -1.188 -1.003 -1.072 -1,051 -1.030 -0,988 0.489New bootie 4.041 3.623 -1.365 -1.257 -1.233 -1.209 -1.185 -1.161 -133'7 3.371
New Ortmewitth 3.278 2.968 -1.241 -1.142 -1.120 -1.098 -1.776 -1.054 -1.032 2.780
Seabee 28.836 29.413 -0.18- -0.171 -0.168 -0.165 -0.162 -0.159 -0,156 28,774Ontario 34.192 15.383 +0.428 40.396 +0.389 +0.382 +0.375 +0.368 +0.361 36.241
Manitoba 5.054 4.648 -1.046 -0.965 -0.947 -0.929 -0.911 -0.893' -0,875 4.399
Seebstabawari .5.073 4.553 -1.351 -1.:47 -1.224 4.201 4.178 -1.155 -1.132 4.239
Allergia 7.303 7.412 +0,185 +0.171 40.168 +0.165 40.162 +0.159 40.256 7.302,
*IMAM Columbia 6.932 9.814 +1.178 +1.C88 +1.068 +1.048 +1.028 +1.008 40.986 10.437
Ulan and leartInmet Territories 0.206 0,223 +0.991 +0.914 40.897 +0,880 +0.863 40.646 40.929 0.235

Pomeenmigagehumat. Protected average agave) tate of change Protected eapidenoa,
Jame .1975 in pa xeata lane 1, 1900

elhijoaati Jriiceat dietftb1111011

perch. Nisbet 1975.76 1976-77 1977-78 1978-79 1979410 Number
distneinee Pteluotaaty /lammed

(11.) (12) (13) (141 (15) (16) (17) (181 (191 '20)

. Csmads 100.(330. p23,256,025 (x) (x) (x) (x) (x) 100.162 100.000 325,250,634
Newfoundland 2.395 556,962 -0.286 -0.280 -0,274 -0.26! -0.262 2,360 2.3561 594,905Fringe ldward Island 0.401 113,489 -0.967 -0.946 -0,925 -0,904 -0.883 . 0.464 0,463 116,910Now Scotia 3,365 762,565 -1.113 -1.019 -1.065 -1.041 -1.017 3.187 3.182 803,475New Severeisk 2.775 645,355 4.010 -0.908 .0.966 -0.944 -0.922 2.645 2.641 666,869Swage 20.027 6,517,966 -0.153 -0.150 -0.147 -0.144 -0.141 27.831 27.786 7,016,141Ontario 36.111 6,414,262 +0.354 +0.347 .0.340 +Ci.333 +0.326 36.764 36.704 9,267,994
Manitoba 4.392 1,021,405 -0.657 -0.839 - 0.822. -0.803 -0.785 4.214 4.207 1,062,294
Ambstebawan 4.232 904,195 -1.109 -1.Cd6k -1.063 -1.040 -1.017 4.011 4.005 1,711,288Alberts 7.490 1,741,676 +0.153 +0.150\ 49.147 +0.144 +0.141 7.544 7,532 1,901,878britiab Colombia. 10.420 2,423,278 40.968 +0,948 .40,928 40,901 +0.888 10,897 10.879 2,747,016films end Nerthmet 0.235 54,652 40.812 +0.795 )+0,7741 +0.761 40.744 0.245 0,241 61,866

X Nat applicable.
Sources of basic data: Curd.. Dominion Bureau of Statistics. Census of

idea. "Estimated Population by Sex and Age Group, for Canada and Provinces:
Rate for 1161-69 derived from the percent distributions for 1961 and 1969

clump for die period 1961-69 (with July 1.1965 as the mimed central date) and
* Derived by the Imojections given in. Wapiti M. 1111.. Pope/000c

for the Economise Council of Canada. Sept 1967, table 2-7 4series with medium

population by age for the country as a whole to obtain projec-
tions of the percent distribution by age for each area. Each of
these percent distributions must then be proportionately ad-
justed to 100 percent for all ages before being applied to pro-
jection of the total population of each area. Proportionate
adjustments of the figures for all areas at each age to the na-
tional teals at that age, And of the age -sex figures for each area
tto the total of all ages for the area, follow in order. This cycle
of adjustments is repeated until full, or nearly full, agreement
with marginal totals is obtained .(known as the method of
.iterative proportions or two-way raking; see ch. 22).

Two-way raking is also applied in the second ratio procedure
for prtdecting the age-sex distributions for a set of subnational
areas. Here, the male population and the female population at
each age in the parent population at the first projection date
are distributed by geographic areas according to the regional
distribution at the last census, and the results over all ales are
then adjusted proportionately to the independent projection of
the total population of each area. The resulting figures are
again subjected to the same adjustment cycle until complete

Canada, 1961, Vol 1 (Part Popmlanon
June I. 1969, Dec 1969
Rates for 1969-70 to 1979-60 de 'ed by
the rate for the period :020-25. which is a

Household and labor Fon e Grow .
immigration and medium fertility)

Geographnol Antnloolon, 1962, and

linear interpolation between the rate of
ssumed to be zero in every case
ill to 1980: Statf Study No 19. prepared

reconciliation with assigned marginal totals has been achieved.
These final results are then utilized as a basis for deriving the
projections at the next projection date by the same procedure,
and so on. This two-way raking procedure has been applied
principally in connection with projections of the urban and
rural population by age and sex (see app. A).

These two ratio techniques may be effectively merged into a
single procedure. Consider the case where data on age. sex.
and geographic subdivisions arc available for a single census
and it is assumed that the sub-area-to-total-area ratios of the
percents for each age group will remain unchanged from one
projection date, to the next. The final figures for the first pro-
jection year. after raking is completed, may then be employed
as a basis for calculating the ratios of the percents to be used in
the second projection year, and so on."

" A step-by-step description of this procedure, including applications to the
coumnes of Central America. is given in- United Notions. Economic Commission
for 1 atm America, Human Resown es of Central Ament a. Panama, and We tit 0,
1954 -80. rn Reiman, to Same Asper of Ft °mom Dereloporent, by I outs J.
Ducoff. 1960. app B and pp 41-1i
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In sum, the mathematical and ratio methods of projecting
regional population generally have the advantage of simplicity
of computation, but they do not take into explicit account, and
lesooe provide little or no information with respect to. the
demographic or socioeconomic correlates or components of the
indicated trends. Nevertheless, the results may usefully serve
as approximations to the future geographic distribution of the
popotaiion, of an area, particularly when comporable figures for
a set of constituent areas are desired quickly and with tittle
investment of resources.

Co hort-Component Method. The cohort-cv;rienonent method
is now the most widely used of the an,ilytic methods for prepar-
ing regional projections. The 'general outline of the method is
the same as indicated for national projections. but the comp:
nent of internal migration must be incorportated .nto the
procedure. This method is especially appropriate if projections
by age and sex are wanted in addition to totals. Carr iing oat
component projections on an age-specific basis is feLoin-
mended even when projections of only the total population are
sought, because of the added specificity of the assumptions and
the provision of data on the age-sex distribution of the popula-
tion as a by-product. The cohort-component method may be
applied will various degrees of refinement and complexity.
from a variation in which mortality and migration are handled
jointly and a single assumption is made for this Joint component,
to one in which migration is treated as three components,
namely, net immigration, gross in-migration, and gloss out-
migration, and several assumptions are made with respect to
each component of change. In applying the cohort-component
method, the choice of a specific procedure is suggested in knee
part by the type and quality of data available an he resources
for developing the projections.

Sufficient testing has not been carried out to support the
conclusion that the analytic methods, including the cohort-
component method. provide more accurate or realistic pro-
jections than the ratio and mathematical methods, but they
may be preferred for a number of reasons, quite apart from the
relative accuracy of the methods. As in the case of national
projections, they may be expected to provide more meaningful
and useful results for ubnational areas since trey attempt to
take explicit account of the components of change and of
available knowledge regarding the zotirst of these components.
In addition, direct use can be made of national projections of
mortality, fertility, and net migration from abroad. From me
standpoint of accuracy, however, the choiceof method may be
less important than the choice of assumptions. particularly
those relating to individual components. Like any set of pro-
jections based on recent past trends, projections using the
cohort-component method will fail to predict a slofr away
from these trends during the projection period and, hence, may
differ from actual developments.

Use of census cohort-change rates.In the simplest forth of
the cohort-component method the components of net nugra-
don and mortality are treated as a unit in the projections for
the cohorts already alive at the base date, and a single assump-
tion is made that the rates remain unchanged. In general, the
method involves carrying forward the latest census or current
population by age ant sex to future years by use of census
cohort-change rates (sometimes called migration-survival
ratios), representing the ratio of the number of persons enumer-
ated in a given age group in one census to the number of
persons in the, same birth cohort enumerated in a previous
census. Census cohort-change rates include, in addition to
mortality_ and net migration, the effect of relative errors of

3'1

enumeration between successive censuses. In the formula of
Hamilton and Perry cohort-change rates for a given area be-
tween the two censuses are assumed to remain constant in
future years: "

NP 11 k

NPr4 (8)

where P is population, a is the initial age of the age interval at
the oNond census, as is the size of the age interval,: is the year
of the second census, and k is the intercensal interval in years
to meitiole of n. usually 5 or 10 years). The formula does not
directly allow for :ht calculation of projections of children in
the cohorts Non during the intercensal period. In the Hamilton-
Pen, procedure births during the projection period are esti-
mated by holding constant recent age-specific birth rates.
In oar illustration below, we hold constant the last observed
child svinnen ratio. Although formula (8) assumes no change
from the intercensal period is the projection period in age-
seecific death rates, migration rates. and patterns of net census
error, alternative at'_umptions are possible.

Censuses are taker most commonly at 10-year time intervals
and show abridged age detail for geographic subdivisions of
the country. In this case, it is -nose convenient to prepare
projections at 10 -year time interviita for a combination of
5- and 10-year ape groups (depcodir,g oh the original age
detail). An alustration, relatiog to Sivas Province in Turkey,
erne`oys census data for 1955 and 1965, tc ei.rive projections
for the female pormiation in 5- and 10-yep- age groups for
1975 (table 24-17) 'itie age _eta shown for ;955 and 1965
represep the maximum common cleo-d available in these
censuses, and projections for ift4 wine age groups were pre-
pared. Census data kre aiso availeide for 1460 but were dis-
regarded for this illustrate adjustments ',vise made for
errors in coverage or age reporting in the t945 and 1965
censuses, To adapt to tt:t age dete available we have calcu-
lated 10-year census colic rt-i.hang,r. rates for 5-year age groups
up to 20-24 and for Iti-ycar age gro,:ps 25 and over; for
e sample,

p *43
puma

:74 14 9114.., 11.1-14

pliaspier
z p:rii4 p1 44

AS

pow; . poem
AS l'aal.1% S".

for the ayes under 10 in 1975, we have employed the following
ratios of children to women:

MPIWTh pia pier.:
11 4 log6 ' N

pvvs . ptllra

Vv here the cet.suses are five years apart and S-year age data
are available for the geographic units, projections can con-
vemenill. be made at 5-year time intervals for 5-year age groups

"'f Horace HamilLni and Josef Perry. "A Short Method for Projectinj
Population by Ale From One Decennial Census to Another." Social Four'
41(2) 161-170. Dec 1962
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Table 24-17. -Projection of the Female Population. of Sivas
Province, Turkey, by Age, by the Census Cohort-Change
Method (10-Year hatercensal Period), from 1963 to 1975

Atria,

(years)

Census.
soled

Census,

19651

Ratio

Projected

popylauon,

1975

(2)
a

*(1)a.10 = (3)
a
g2)

A.10
=

(1) (2) (3) (4)

Total 300,383 354,809 (X) 418,741

0.4 54,095 59,569 (X) 271,992
5-9 41,990 55,957 (X) 266,156
10.14 27,566 41,585 .7687 45,791
15-19 25,737 29,291 .6976 39,036
20-24 21,216 25,455 .9234 38,400
25.34 47,127 55,516 1.0286 56,312
35-44 28,831 35,614 .7557 41,953
45-54 23,040 22,0e8 .7640 27,209
55.64 14,446 18,347 .7963 17,541
65 and over 9,313 11,446 4.4817 414,351

X- Not ipplicable
' Sources Turkey. General Statistical Office. Census of Population. Oct

13, 1933. Population of Turkey, Vol 67. table 16, Wens. Census of Population,
Oct. 14, 1963, Social and Economic Characteristics of the Population. table 12
Ages not reported have been prorated

* Calculated by special formula. see text
*Derived by: 11.446-(14,446+ 9.315)

Denved by 4817 (18,347+ 11,4461

by census cohort-change rates, except for young children. The
projections for children under 5 in the first projection year can
be derived by assuming that the ratio of children to women of
childbearing age in that year and 1'..a years will be the same as
shown by the latest census. We can also carry out this pro-
cedure for Sivas Province in Turkey using the census data for
1960 and 1965. The steps are: ( 1 ) Subdivide the 10-year data

for ages 25 and over into 5-year age groups (chapters 8 and 22),
(2) carry the population forward to 1970 and 1975 in 5-year age
groups by the cohort-change method, and then (3) recombine
the data into the age groups of the census. Table 24-18 presents
the calculations for part of the age distribution and the resulting
total over all ages. The age groups above ago 25 were sub-.
dividi by osculatory interpolation (Sprague multipliers) in
order to derive the required 5-year cohort-change rates. The
projections for children under 5 in 1970 and 1975 were based
on the assumption that

11." Ine 120.4 1.75

\ P15.4. \ P15-0 P15-49 /

A comparison of the projections for 1975 in tables 24-17
(col. 4) and 24-18 (col. 5) indicates substantial percentage
differences at a few ages under 35. The differences may be
viewed as reflecting principally the results of employing two
different assumptions of net migration, although differences in
mortality and in net census errors are also involved.

Direct estimates of net migration. - A more refined pro-
cedure, which we may call the cohort migration-survival_
method, treats migration as a separate component. In the moss
common variation, births, deaths, and net migration (combining
net immigration and net internal migration) are the components
directly manipulated. Although statistics of gross migration are
useful in analyzing past population redistribution and in making
more realistic assumptions about future migration '(see next
section), they may be unavailable and use of such data, when
..vailable, greatly complicates the method. The effect of
migration on population change may be measured more simply
by use of estimates of net migration. As we have seen in chapter

Table 24-18.- Projection of the Female Population of Sivas Province, Turkey, by Age, by the
Census Cohort-Change Method (5-Year Intercensal Period), from 1965 to 1970 and 1975

Age (s)

(years)

Census

196d:

(1)

Census,

19651

(2)

Ratio

(2)0 nal.

(3)

Projected
population,

1970

(3)0(2).4'

(4)

Projected

population,

1975

(3)0(4).-5'

(5)

Total, all ages' 333,851 354,809 (X) 376,504 401,574

Under 5 56,616 39,569 (X) '63,334 468,1795-9 50,063 53,957 .9884 58,878 62,600
10-14 36,303 41,585 ' .8306 .....- 46,478 48,904
15-19 24,502 29,291 .8068 33,551 37,498
20.24 26,779 25,455 1.0389 30,430 34,856
25-34 .

(57,136) (55,516) (X) (53,183) (57,1921
25.29 29,526 28,517 1.0649 27,107 32,405
10.34 27,610 26,999 .9144 26,076 24,787

X Not applicable
' Sources Turkey. General Statistical Office. Census of Population, Oct 23. 1960, No 412, table 5. idem, Census of Population Oct 24. 1965. Social and Eco-

nomic. Characteristics of the Population. table 12 Age not reported has been prorated Age groups 25 and over were subdivided into 5-year age groups by osculatory
interpolation (Sprague multipliers)

Coven all ages. including 35 years and over
*Calculated by use of the formula

Calculated by use of the formula

plrez.i.ftme)

pm" Iv mloeted)
x pin imietud)pirmsrutudi
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21. such estimates, combining international and internal migra-
tion as well as the effects of boundary changes, are readily
calculated as intercensal residuals for the political subdivisions
of many countries. Amounts and rates of net migration by age
can be derived for those areas which have age data in the
appropriate detail in two appropriately spaced censuses.
Amounts and rates of net migration can occasionally be
computed also from census or sample survey data on place of
residence at a fixed date pnor to the census or survey.

A variety of cnoices are available for making assumptions
regarding figure migration for geographic subdivisions. The
migration assumptions may be expressed in terms of amounts
or rates of net migration. The amounts or rates assumed should
be based on actual experience in some recent period in the
specific local area; they may be held. constant or projected
according to some formula Gradual change to half or some
other proportion of the previous intercensal amounts or rates
by some future date is a type of alternative assumption. To
simplify the expression and application of the assumptions;
rounded amounts or rates may be employed. Estimates of net
migration by age for a current period, for use in population
projections for loci areas, may be computed in various ways,
as described in Chapter 21. Either actual death statistics, life
table survival rates, or national census survival rates may be
employed to make the allowance for mortality in a residual
procedure. The "forward" formula is well adapter to the
needs of projections. The estimated amounts of net migration
may then be converted to rates for the purpose of projections
by dividing them by the "expected" population, that is, the
survivors, at the end of the intercensal period, of the initial
population.

Accordingly, if the population is to be carried forward by
5-year time intervals with 5-year migration rates of this kind,
we could proceed as follows: (I) Calculateor select appropriate
5-year survival rates for the first 5-year projection period;
(2) carry forward the initial population to the end of the first
period with these projected survival rates to derive the "ex-
pected" population; (3) make an allowance for net migration
by applying ray's of net migration to the "expected" population;
(4) project the number of births or the number of childr: under
5; (5) repeat these caiculations for each subsequent 5-year
projection period.

It may be recalled that intercensal estimates of net migration
by age derived PS residuals by use of rational census survival
rates are presumably free of net census error. It is desirable to
employ this method in order to measure the migration com-
ponent more accurately when making assumptions regarding
Mitre net migration. We can also allow for subnational varia-
tions in mortality in census survival rates if data are available.
On the other hand, the method necessarily incorporates the
assumption that regional census-to-census cohort changes in
net census errors are the same as the national figures.

Procedures for deriving projections of population by thi
cohort migration-survival method using census survival rates
are illustrated for the female population of Sivas Province,
Turkey. Projections of the population to 1975 by 5-year or
10-year age groups, based on the census data for 1955 and 1965
(disregarding the 1960 census)ond conforming to the age data
available from the 1965 census, are presented in table 24-19.
The steps are as follows:

A, Derivation of net migration rates by'age, 1955-65:

3

I. Calculate national census survival rates for the female
population of Turkey, 1955-1965 (col..2).

2. Apply these rates (col. 2) to the census population of
Sivas Province in 1955 (col. I) to derive the expected popula-
tion 10 years older in 1965 (col. 3). (No allowance was made
for regional variation in mortality levels.)

3. Subtract the survivors (col. 3) from the census popula-
tion of Sivas in 1965 (col. 4) to derive the estimated net
migration by age cohorts, 1955-65 (col. 5).

4. Derive the corresponding rates of net migration, 1955-
65 (col. 6), by dividing the estimates of net migration (col. 5)
by the expected population (col. 3). (These rates have an
unusual age pattern in comparison with the age patterns of
net migration rates observed elsewhere but have oeen
accepted for the present use without modification.)
B. Projection of the 1965 population to 1975:

5. Calculate 10-year life-table survival rates from model
table South No. 20 (col. 7), chosen on the basis of an analysis
of national emus survival rates for Turkey and reflecting
some future improvement." (Note, again, that no allowance
was made for regional variations in mortality levels.)

6. "Survive" the 1965 census population (col. 4) to 1975
(col. 8) by use of the life-table survival rates (col. 7).

7. Calculate net migration for the 1965-75 period (col. 9)
by multiplying the migration. rates (col.'6) by the survivors
in 1975 (col. 8). This procedure assumes that net migration
rates will remain unchanged.

8. Add net migrants (col. 9) to the expected population (col.
8) to derive population projections for 1975 (col. 10).

Inasmuch as the birth statistics of Turkey are inadequate, we
have developed our projection of the population under 10
years of age in 1975 on a different basis. We have simply as-
sumed that the'ratio of children under 10 to womeril5 to 54
years old in 1975 is the same as that observed in 1965. This
procedure encompasses the effect of fertility, mortality, and
net migration in determining the size of these juvenile age
cohorts.

Other assumptions of net migration should be employed to
prepare additional series of population projections. We have
assumed above that net migration rates were the same as ob-
served in 1955-65. Possible additional assumptions are: (1)
Net migration rates, 1955-65, reduced 25 percent; (2) net
migration rates, 1955-65, increased by 25 percent; etc.

We could have employed national census survival rates in
projecting, the population of Sivas Province instead of life
table survival rates. As we developed the projections above,
net census error in one age group is carried down to the next
age group over . projection period. Use of national census
survial rates wduld help to keep the net census errors of the
Sivas data in their original (1965) ages ana, hence, increase the
accuracy of the projected changes by age. This procedure im-
poses the pattern of change in net census errors by age cohorts
between 1955 and 1965 for Turkey on the census data for
Sivas Province. Implicitly. mortality in Turkey as a whole at
the level of 1955-65 is assumed for 1965-75, without change.

"Ansley 1. Coale and Paul Demeny. op (It See also Paul Demeny and
Frederic C Shorter, Estimating Turkish Mortality, Fertility. and Age Structure.
Publication No 218. Faculty of Economics. University of Istanbul, Istanbul.,I968. pp 8-28.
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Table 24-19.- Projection of the Female Population of Sivas frovince, Turkey, by Age, by the
Migration-Survival Method (10-Year Intercensal Period), from 1965 to 197f

Age 00
(years) Population

of Sivas
Province,
censuof

1955

(1)

10-year
census

survival
rates,

Turkey,
1955 to

1965

(2)

Expected
survivors,

1965

(111(2)r

(3)

Population
of Sivas
Province,
.ensue of

19651

(4)

Net mi.

rut"'
195,,,5

to

1965

(4)-(3)r

(5)

10-year

net m"
gt°11°°

rate

(5),(3)-S

(6)

10year
life-

table
survival

rate

(7)

Expected
survivors,

1975

(4)x(7).

(81

Protected
net mi-
moon,
1965

1975

(9' x

10,,
a

to'
(9)

Protected
popula

ton, 1975

(11)+(9)'

(10)

to 1955 in 1965 m 1975

Total
(X)

(X)
(x)
0-4
5-9 4

10-14
15-24
25-34
33-44
45-54
55 and over

Total

(X)
0-4
5-9
10-14
15-19
20-24...
25-34
35.44
45-54
55-64
65 and over.

Total
0-9
10-14
15-19
20-24

25-34

35-44
45-54..

55-64
65-74
75 and over

300,383 (X) (X) 354,809 (X) (X) (X) (X) (X) 432,132

(X)

(X)

(X)

54,095
41,990
27,566

53,973
47,127
28,831
23,040
23,761

(X)

(X)

(X)

.9643

.8744

1.0403
1.0451
.9205

.8905

.9165

.5952

-

(A).

(X)

(X)

52,164
36,716
28,677
56,407
43,380

23,674
21,116
14,143

(X)

59,569
55,957
41,515
29,291
25,455
55,516
33,614
22,028
18,347
11,446

(X)

(X)

(X)

-10,579
-7,424
-3,222

-891
-7,766

-3,646
-2,769
-2,697

(X)

(X)

(X)
-.20d8
-.2022
-.1124
-,0158
-.1790
-.1420
-.1311
-.1907

(X)

.9798

.9926

.9910

.9867

.9809

.9678

.9331

.8285

.4060

(X)
31,366
55,543
41,211

54,019

54,456
34,467
20,554
15,200
4,647

. (X)
-11,837
-11,231
-4,632

-854

-9,748
-4,894

-2,693
4.3,783

'143,345
46,1129

44,312
36,579

53,165

44,708
29,373
17,859

416,062

X Not applicable.
Ages not reportcd have been prorated
Computed from model life table for region South. level 20. given in. Ansley 1 Coale and Paw Demeny, Regional Model Life Tables and Stable Populations.

Princeton. NJ. Princeton Umversity Press. 1966. p 675
'Calculated by use of the formula

Prisr"""' "-"
4 Ages 65 and over

Note that, ideally. we would adjust the 1965 census population
of Sivas for net census errors by age and then carry the ad-
justed population forward by projected life table survival
rates and net migration rates; a basis for adjusting the popula-
tion is lacking, however.

Projections of population are often wanted at 5-year time
intervals. A procedure for deriving projections of Sivas'
population to 1970 is presented in table 24-20 It employs
10-year net migration rates estimated from the 1955 and 1965
censuses but requires a conversion of these 10-year rates to
3-year rates. (For purposes of this illustration also. we omit
use of the 1960 census.) We assume that the 5-year net migra-
tion rites as estimated on the Basis of 1955-65 population
changes will continue unchanged for 1965 -70. Having derived
estimates of expected survivors in 1965, and of net migration
for 1955-65 for 5-year age groups from 10 to 24 and 10-year
age groups aboNe age 25 (table 24-19. cols, 3 and 5), we can
proceed as follows (table 24-20):

I. Subdivide the expected survivors in 1965 and the net
migration estimates. 1955 to 1965. into 5-year age groups
above age 25 (cols. I and 2). In the present illustration Sprague's
osculatory multipliers (ch. 22) were employed for all categories
except net migration 25 to 34 years. For the latter category.
negative results were obtained by osculatory interpolation and
Newton's interpolation formula for halving a group (ch. 8) was
employed in its place.

2. Combine the population in adjacent ages (col 3) and
the estimates of net migration in oujacent ages (col. 4). The
purpose of this step is to take advantage of the fact that the
net migration of each 5-year age group is reflected in two of
the cohorts employed in the calculations. For example. net
migration for terminal ages 30-34 is represented by the two
shaded areas In the following sketch:

AP

25.24

2S-25

3a34

35-39

25.24

21-211

3P34

3S-39

3. Divide the net migration in column (4Tby the population
in column (3) to derive a hypothetical 10-year migration rate
for 5-year age groups -(col. '5).

4. Divide the results in column (5) by 2 to derive 5-year
migration rates for 5-year age groups (col. 6).

5. Compute the expected female population of Sivas in
1970 (col. 9) by applying life-table survival rates (col. 8) to the
census population in 1965 (col. 7).

6. Calculate the projected net migration for 1965-70 (col.
10) by applying the rates in column (6) to the expected sur-
vivors in column (9). In every case the figures are matched in
terms of terminal ages.

7. Combine the projected net migration in column (10)
with the expected survivors in column (9) to derive the pro-
jected population for 1970.
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Table 24-20.- Projection of the Female Population of Sivas Province, Turkey, by Age, by the
Migration-Survival Method (10-Year Intercensal Period), from 1965 to 1970

Abe (a)
(yers) Expected

WVIVOrt.
Sivas

PtOVIIICe.
1, 96 3 1

(I)

Net at-

AMI1011,

1955 CO

19651

(2)

101+
(1). s 5.

(3)

(7)4#

(24+5=

(4)

10-year

net int-

Ifloo.
rate

(4) (3)=

(5)

5Xeo
net no-

(italics
tale

(5) 2.-

(6)

Population
at sh,,..

Province.

census of

19652

(7)

5.yest

lilt-

table

SW V IVIII

rues

(8)

ExPecied
stir

vivo/
1970

rix(8).

(9)

Prolecied

net a"
Ewen.
1965 go

1970

(9) x
a

(6),,+5=

(10)

o. roiected

1,6801st/on,

1970

(9)4(10)2'

(II)

la 1965 in 1970

Total

(x)
0-4
5-9
10-14
15-19
20-24
25-29
30-34
35-39
40-44
45.-49

5044
55-39
60.44
65 and over

Total

0-4
5-9

10-14 411.
15.14
20-24

25-29
30-34
35-39
40-44
45-49
50-54
55.59

60-64

65..69

70 and over

(X) (X) (X) (X) (X) (X) 354,809 (X) (X) (X) 386,525

(X)

( .')

(X)
52,164
36.716

28,677
29.564
26,843
23,812
19,568

14,646
11,028

9,610
11,506
14,143

(X)

(X)

(X)

-10,579
-7,424
3,222
6-626
4-265

-3,554
-4,212
.4,469
-1,177

-735
-2,034
-2,697

(X)

(x)

(X)
88,880
65,393
58,241
56,407
50,655
43,380
34,214
25,674
20,638
21,116

218,578
614,143

(X)

(X)

(X)

.18,003
-10,646
-3,848
-891

-3,819
-7,766
-6,681
-3,646
.1,912
-2,769
-3,383
9-2,697

(x)
(X)
(X)

-.2026
-.1628
-.0661
-.0158

-.0754
-.1790
-.1953
-.1420
-.(7ZO
-..311
-.1821
-.1907

(X)
(X)

5-.1014
-.1013
-.0814
-.0330
..0079
...0377

-.0895
-.0976
-.0710
-.0463
-.0656
-.0911

10- .0954

(X)
59,569

55,957
41,585
29,291
25,455
28,517
26,999
20,258
15,356

12,177
9,851
8,874
9,473

11,446

(X)
.98339

.99630

.99625

.99469

.99327

.99211

.99069

.98821

.98443

.97716

.96781

.94993

.91659)

.67984

(X)

18,580
55,750
41,429
29,135
25,284
28,292
26,748
20,019
15,117
11,909
9,534
8,430

a
-16,464

(X)

-5,940
-5,647
-3,372

-961
-200

-1,067
-2,394
-1,954
-1,073

-551
-625
-768

8-1,571

665,957
52,640

50,103
38,057

28,174
25,084
2'7,225

24,354
18,065
14,044
11,358
8,909
7,662

814,893

X Not applicable.
Age groups 25-29 to 60-64 were interpolated from 10-year age groups,(cols 3 and 5 of table 24-19) using Sprat ue's osculatory multipliers.
Ages not reported were prorated Age groups 25-29 to 60-64 were interpolated from 10-year age groups (co. 4 of table 24-19) using Sprague's osculatory

multiplier-
Model life table for region South. 1..vel 20, in, Ansley J (oak and Paul Demeny, Regional Model Lie Tables and Stable Populations, Princeton. NJ , Princeton

University Press, 1966. p 675
Calculated by use of the formula

p nell.rentAn) X Pirai

$ Net migration rate for ages 0-4 (initial) to 5-9 (terminal) assumed to equal or: -half the net migration rate ( 2028) for ages 0-4 (initial) to 10-14 (terminal).See table 24-19. col 6.
Coniputed by applying Newton's interpolation formula for halving a group
Vane for ages 60-64 plus one-half value for ages 65 and over (.. col 1 or col. 2
Ages 6S and over
Same its,value for ages 65 and over in col. liar col 2

' Net migration rate for ages 60 and over (initial) to 65 and over (terminal) assumed to equal one-half the net migration rate 1-.1907) for ages 55 and over(initial) to 65 and over (terminal)

It will be noted in table 24-20 that the conversion of the
data to 5-year time intervals was carried out after the estimates
of 10-year net migration were derived since the latter should be
calculated from unadjusted census data (assuming the use of
national census survival rates). The derivation of 5-year
amount: and rates of net migration for 5-year age groups, from
10-year amounts and rates for 5-year and 10-yeartage groups,
may be accomplished in different ways. For example, we could
interpolate our 10-year data tb 5-year data at a different point
in the calculations, as by converting the 10-year net migration
rates directly to 5-year rates. This approach might improve on
the procedure described earlier, which does not, in effect,
handle the calculation of the denominator of the 5-year rates
very satisfactorily. One could simply compute population
projections for 10-year age groups 10 years ahead and derive
other required figures by interpolation.

The results obtained for 1970 by the census cohort-change
rate method and the cohort migration-survival method given in
tables 24-18 and 24-20 differ substantially in many ages, as do
the results for 1975 given in tables 24-17,24-18, and 24-19.
Differences in population projections for the same date reflect
mainly differences in the underlying assumptions on net
migration.

Tarver has presented a detailed illustration of the application
of the cohort-component procedure to U.S. geographic

subdivisions." In his illustration 10-year intercensal amounts
and rates of net migration, 1940-50, are derived by use of
national census survival rates, adjusted for local mortality
variations, and converted into 5-year amounts and rates of net
migration for projecting the population from 1950 to 1955 and
1960. The procedure used for this conversion is largely the
same as we applied to Sivas Province, Turkey. Estimates of
net migration for children under 5 and S to 9 years of age are
derived on the basis of statistics of births during the 1940-50
decade. The calculation of two alternative assumptions of net
migration is also illustrated. The total amount of net migration
derived initially for the 1940-50 period was reduced by 50
percent and 100 percent under the two assumptions. The
corresponding -figures by age under these assumptions were
derived by applying a plus-minus proportionate adjustment
procedure ,(described in ch. 22) to the amounts of r et migration
by age calculated initially. These 10-year amounts were con-

"James D Tarver. A Component Method of Estimating and Profrcan
and Subdiyisioncl Populations, MuscA Ilaneous Publication MP-54. Oklahoma
State University, Agriculture Experimen, Station, 1959. See also James D.
Tarver and Jeanie Hill. I8M 650 Prodram Instructloni for Making State,
County, and City Populakpn Projections by the Component Method, Series

P-353. Oklahoma State University. Agricultural Experiment Station.June 1960.
The computer programs given relate to estimates and projections of bilh rate..
survival rates. net migration rates, births. and population for 5-year age group*
for 5-year time periods
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verted to 5- year rates in the same manner as for the 100 percent
assumption on net migration.

Even if a country has good current data on internal migration,
it is desirable for the responsible agency to prepare a special
series of projections assuming no further net migration among
the geographic subdivisions In this way user agencies can
make their own assumptions to serve special needs. Calculation
of a series assuming no net migration a,nong the geographic
subdivisions of a country in future years permits an evaluation
of the contribution of net migration to projected population
change as reflected in the Various series with net migration. In
sum, a no-migration senes may have considerable value to
planners even though it may be quite unrealistic in itself."

Projection of births and deaths.We have already men-.
tioned one or more ways of projecting births and deaths in
preparing subnational population projections by the component
method. We may consider this problem more generally.

Birth rates by age and survival rates for age-specific death
rates) may be projected independently, or by comparing the
rates for the local area and its parent area for one or more past
dates and applying the current or extrapolated ratio of these
rates to previously available projections of the rates for the
parent area. The parent area will usually be the country as a
whole. In addition to histoncal analysis, an analysis of regional
differences for other countries at vanous stages of economic
development should prove useful in this regard.

Calculation of the number of births for each 5-year projec-
tion period by use of age-specific birth rates involves a special
step. We have to interpolate the female population of child-
bearing age, by age, to the middle of each projection period,
apply the projected age-specific birth rates cumulatively to
this population to derive the average number of births in the
period, and multiply this number by five to obtain the estimate
for the 5-year penod. Alternatively, births may be calculated
for the first and last year of each 5-year projection penod,
added together. and then inflated by a factor of 2.5. The pro-
jected number of births and deaths over all subdivisions of an
(parent) area should, as a final step, be adjusted to the projected
total of births and deaths for the area.

Because birth and death statistics by age are not always
available for small geographic areas and the volume af compu-
tations in the procedure just described is quite large, it is
desirable or necessary to try to abbreviate the procedure.
Fertility may be projected by an indirect method, such as one
employing a single schedule of age-specific birth rates and
projected total fertility rates. or sex-age adjusted birth rates.
Mortality may also be projected by an indirect method, in-
volving a single set of age-specific death rates but with some
"control" figures at the local level. When mortality vanes only
moderately among the local areas, the same mortality rates may
be assigned to several areas or even to all areas in a country.
The projections for geographic subdivisions can be made in
terms of the ratio of crude birth rates and crude death rates for

"See. for example Sweden. Statical' CentraltsyrAn, BefolAningsprojektion
fbe kommunblot ken till 1970. 1975, 1980 och 1985 (Population projections for
Cooperating communes to 1970,1975,1980, and 19851, Stockholm, 1969. 'dem,
Sveriges beraknade framtida folkmangd. Part 2, Underlag for lokala prognoser
1965. 1970 och 1975 (Estimated future population of Sweden. Pt 2, Basis for
local projections, 1965. 1970. and 1975). Statistiska Maddelanden 13 1963 (4),
Stockholm. p 5. France, Institut de is statistique et des etudes Economiques.
"Perspectives d'evolution naturelle de Is population par department" (Projec-
tions of natural increase of population by department), Etudes Stanstiaires.
Supplement Trimestnel du Bulletin Mensuel de Partition. (Pans), No 4,
Oct. -Dec, 1957, pp 63-64, and J R L Schneider, "Local population projec-
tions in England and Wales." Population Studies (London), 10(11 98,July 1956

the local areas to the corresponding figures for the country
as a whole, provided there have been no radical changes in the
age composition of local areas and carefully prepared national
projections of births and deal

Because of the possibility of s
the fertility of regiOns, considerat

are available.
stantial differences between

must be given to the quev
tion whether migrants will be asiigned the fertility rates of
their area of origin or the fertility fates of their area of destina-
tion during the penod of their arrival and subsequently.

Separate projection of in- and out-migration. More mean-
ingful and possibly more realistic projections of internal migra-
tion may be derived by projecting in- and out-migration
separately when the appropriate data are available, rather
than net migration. This is because the variation in the relation
of in-migration to out-migration. i.e.. net migration, may be
expected to be much greater than the variation in the con-c
sponding gross in- or out-migration. Furthermore, tota
migration between geographic units in a country is in a sense
dependent upon total out-migration from these units and pro-
jections for these totals can be made equal to one another very
simply when in- and out-migration are projected separately. On
the other hand, use ^` net migration' rates often results in
serious imbalances Liween total net in-migration and net out-
migration. One general approach for projecting in- and out-
migration separately employs age-specific out-migration rates
to derive figures for out-migrants for each area and the distribu-
tion of the resulting total number of out-migrants among the
several areas to derive estimates of in-migrants. This general
approach was used in preparing projections of thepopulation
of States of the United States published in 1967, metropolitan
areas of the United States in 1969, and communes of Sweden
in 1969."

A description of the methodology used in preparing the
projections for the States of the United States, by age and sox,
from 1965 to 1985, will serve to illustrate a cohort-component
method in which gross in- and out-migration, and net immigra-
tion from abroad, are projected separately. The projections
start, in effect, with estimates of State population by age and
sex, for July I , 1965. The estimates are then carried forward by
5-year time periods to each projection date on the basis of_
separate assumptions concerning future fertility. mortality,"
in-migration, out-migration, and net immigration.

A single set of projected survival- rates was used for all
States but alternative assumptions were employed for fertility
and interstate migration. Two assumptions regarding future
interstate migration were combined-with two levels of fertility
to derive four series of population projections. Two of the four
series of available national fertility projections were adapted for
this purpose." State-to-national ratios of the general fertility
rate were projected on the assumption that these ratios would

"Illustrations of the various procedures noted here are givenan U 5 Bureau
of the Census. Current Population Reports, Series P-25, No 375. "Revised
Projections of the Population of States. 1970 to 1945." October 3, 1967,
Schneider, op co pp 10s-1 I I France. Institut national de la statistique et des
Etudes Economiques, "Perspectives (revolution naturelle de la population par
department." pp 63-64. Bureau of the Census (-went Population Reports,
Series P-25, No 160, "Illustrative Projections of the Population.'by States.
1960,1965. and 1970," August 9.1957, and Sweden. Statistiska Centralbyrin,
Svenges Beraknade Framnda Folkmangd, Pt 2

"U S Bureau of the Census, CurrentPopulation R -ports, Series P-25, No
375. "Revised Projections of the Population of States, 1970 to 1985." Oct 3,
1967, 'dem. Current Population Reports, Series P-25. No 415, "Projections of
the Population of Metropolitan Areas 1975." Jan IL 1969. and Sweden.
Statistika CentralbyrIln, Befolkningtprojektion for kommanhlotken-till 1970,
1975. 1980 och 1985

"Series B and D in 11 S Bureau of the ( ensus, ( anent Population Reports,
Series P-25, No 381
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reach unity in 50 years; i.e., in approximately 50 years, the
fertility rates for all States would be equal to the national rate:
Ratios for intermediate years were obtained by linear interpola-
tion. These ratios were then applied to the preiiously computed
national fertility rates to derive the fertility rates for States,
which in turn were applied to projections of female population
15 to 44 years old for each State to derive the projected numbers
of births. The projections of female population ofthildbearing
age had been derived in a previous calculation by carrying
forward the 1965 population using age-sex-specific survival
rates and gross interstate migration rates. Births projected
for each 5-year period for each State were then Adjusted so
that their sum over all States agreed with the total births in
the'previous!/ calculated national projections.

The single set of survival rates employed were consistent
with the "high" mortality senes developed for and used in the
national projections. The survival rates were applied to the
initial population of each period to arrive at projections of
survivors. The implied deaths for States were then adjusted
to agree with the total number of deaths in the United States
for age groups (by sex) developed in the national projections.
No allowance was made f-- actual State differences in mortality
since it was believed that they would have very little impact on
the population projec

For the projections of net migration, out-migration was
first computed for each future period using rates observed in
the census of 1960 for the 1955-60 base period, as adjusted to
allow for observed net migration for the period 1960-65. The
rates far 1955-60 represented the number of out-migrants
from each State as a percent of the population of'the State in
1955. (Accordingly, the projected rates were applied to the
initial population of each 5-year projection period.) The pro-
jections of out-migrants for all States in each 5-year period
were summed to obtain a national "pool" of migrants, which
was then allocated to the States as in-migration, using the
percentage distribution of the absolute number of in-migrants
among the States observed during the 1955-60 base penod.
Under Series 1, the rates of out-migration from States and the
State in-migration distribution were held constant over time.
Under Series II, the rates of out-migration from States were
assumed to converge toward the national average rate, and the
State in-migration distribution was assumed to converge
toward the population distribution of the States. Under these
assumptions, in about 50 years, the number of persons migrat-
ing from a State would be matched by an equal number moving
into the State, resulting in zero net migration for each State.

Other approaches involving the separate projection of in-
and out-migration for projecting regional population are based
on the development of a model of interregional migration or a
national demographic model incorporating regional changes.
The possibility of developing a model of internal migration for
use in projecting population has been reviewed by H. Ter
Heide." He concluded that, although there has been sub-
stantial progress in the development of a model which describes
past migration, the problems of employing this model for pur-
poses of population projections are almost insurmountable, if
only because of the general lack of projections of the several
independent variables on which the model depends. Ter Heide
was concerned with models which incorporate economic,
social, and psychological factor; On the other hand, Rogers
has proceeded to develop "descriptive" models of interregional

"H Ter Heide. "Migration Models and "heir Significance for Population
Forecasts." Milbank Memorial Fund Quarter/i. 41(1) 56-76. Jan 1961
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migration for use in projecting population: his models are less
analytic and he has dealt so far only with the situation where
the interregional migration rates are assumed to remain
constant."

Methods Taking Account of Economic Variables. - It is
generally believed that internal movements are significantly
affected by differential economic opportunities and that any
drastic changes in the economic advantages of one area over
another win have substantiO1 impact on the future sir of migra-
tion streams and even on the direction of net movement. Some
research is being directed toward these relationships." A
number of methods have been developed which employ
economic variables directly in the context of a ratio, component,
or correlation method, or a combination of these methods.
These methods take account of economic prospects quantita-
tively by basing the projections of population on projections of
employment, per capita income, productions land use, or other
economic variables. We consider the methods in two groups,
those methods involving correlation with economic indicators
and other methods using economic analysis.

Correlation with economic indicators.- Regression analysis
may be employed to project the total population directly or to
project the net migration component only (natural increase
being projected separately in the latter procedure). An example
of the use of this method is given by the projections of the
population of States of the United States made at the Stanford
Rsearch Institute." Projections of net migration for States
were derived from a regression equation relating net migration
and average per capita income. The fitted equation was as
follows:

38.94255 + .402863X

in which Yr stands for the net migration rate, 1950-60 (i.e.,
net migration for the decade as a percent of the 1950 popula-
tion) and X stands for the percent change in per capita personal
income for the decade expressed as a percent of the corre-
sponding U.S. figure. Per capita income had been previously
projected to 1970, and 1980 on the basis of the converging
trend in per capita income observed in the 1950-60 decade.
This procedure assumes that net migration for States is more
closely correlated with per capita income than is total popula-
tion change, that labo tends to move toward areas of higher
per capita income, and that the systematic influence of income
on migration flows will continue in the future.

The basic regression shows that a unit change in the per
capita income of a State (in percentage form) causes a change
of 0 4 in the percentage of net migration of that particular State.
This factor was applied to the change in per capita income from
1960 to 1970 to derive "unadjusted" estimates of net migration
in the 1960-70 decade. The estimates were then adjusted on
the !asis of the fact that the sum of the unadjusted figures over
all States was far in excess of the expected total interstate
migration for the United States computed separately. The
adjustment procedure assumes different adjustment coefficients

" Andrei Rogers. "A Markovian Policy Model of interregional Migration."
Regional Science Association Papers. 17 205-224. 1966. and idem. "The
Multiregional Matrix Growth Operator and the S:,,nle Interregional Age Struc-
ture." Demography, 1(2) 537-544.1966

"Ira S Lowry, Migration and Metropolitan Growth Two Analytical Models,
San Francisco, Calif . Chandler Publishing Company. 1966

"Pietro Balestre and W Koteswara Rao, Basu Economic Projections
United States Population, l965 -80. Stanford Research Institute. Menlo Park,
Calif . 1964. esp pp 17-44
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for different groups of similar f.tates. An illustration of these
steps is given for two States:

Arkansas Ohio
(1) Migration rate, 1950-60 (percent)...... -22.5 + 5.7
(2) Percent change in per capita income.

1960-70 (independently projected).. + 7.2 2.4
(3) Effect of income, change = (2) x 0.4 + 2.88 -.96
(4) Unadjusted miggation rate, 1960-70

(percent) = (1) + (3) -19.6 + 4.7
(5) 1960 population (in thousands) 1,786.3 9,706.4
(6) Unadjusted net migration. 1960-70

(in thotisands)=(4) x (5) -350 + 456
(7) Adjusted migration rate, 1960-70 (per-

cent) ' 19.6 + 2.9
(8) Adjusted net migration, 1960-70 (in

thousands) ---(5) x (7) -350 + 281

See source for explanation of adjustment in net migration
rates.

Other methods using economic analysis. - Other methods of
projecting the population of geographic subdivisions using
economic analysis may involve an intensive study of the eco-
nomic prospects for each area. One approach involves se; .trat..1
consideration of several main branches of the economy, pro-
ceeding from national to local employment in these branches.
then to total employment in the area, and finally to total popula-
tion. The local projections of employment in various branches
of the economy may be made as a proportion of the corre-
sponding national projections.

Anoth r class of methods employs a limited type of compo-
nent procedure which depends on prior projections of employ-
ment or labor force. In the simpler application, the projections
of employme It Or labor force, and then net migration, are made
directly for the ,lepulatiOn of all ages; in the mire elaborate
application, the prokictions of employment or la' jr force, and
then net migration, are made by age groups. The method se-
quentially calculates employment or labor force, net migration
of the labor force, net.migration of the total population, and
finally, the to-al population, c ,mbining the net migration with
the expected populatior all- wing for births and deaths. A
specific example is pro iid.o by the population projections
made by the Oregon State g ,,..rnment for the State as a whole
and its state economic areas by y and sex, 1964."

Although the method iii.;tudes a number of tdjustments to
take care of special situations, the authors' "best judgement
forecast" of net migration was derived basically as follows:

1. The current population was projected by age and sex
as a closed population, nut is. assuming zero net migration.

2. Projected age-sex-specific labor fort: participation
rates were applied to hese interim population "projections"
to obtain the future lobo: :orce on the asseraption of no further
net migration.

3. An independent forecast oF future employment by age
was developed on the basis of a det..:led analysis by industry
classes.

4. To the forecast in step (3) an allowance for unemploy-
ment was added, to obtain an independent forecast of the
future labor force.

"Oregon Slate Board of Census. Population Bulletin, Release No
"Population Forecast, State of Oregon and Economic Areas 1960-85, by
Richard B. Halley and Morton Paglin. Portland, Oreg.. April 1964.

5. The difference between the forecasts in step (4) and the
projections in step (2) was taken to represent net in-migration
or out-migration of workers, depending on which was
larger.

6. The net migration of the household population not in
the labor force (including children mid retired persons) was
estimated by ratio inflations of the results in step (5), and
special allowances were made for the net migration of such
groups as the armed forces, college students, and inmates of
institutions.

The adeqoacy of the method depends heavily on the ade-
quacy of the projection of the total labor force, which is
derived wholly by economic analysis. 1 he method takes ac-
count of the mortality and fertility of persons who have
migrated into or out the area only indirectly.

The more intensive procedures are difficult to apply since
they require considerable data and involve the problem of
demographic and economic interdependence. Careful study of
the economy of an aria, involving measurement of the future
requirements for workers and of the degree to which these
future requirements can be filled by the available population,
on the one hand, and by net in-migration, on the other, is
needed. Tliis analysis would require some prior assumption as
to the amount of Oct in-migration and prior projections of the
size of the expected population. Initial assumptions would then
have to be modified on the basis of what the initial projections
imply as to labor deficits or surpluses. Even if the simplest
method involving economic analysis is employed, the calcula-
tions become voluminous when age and sex detail is included
and projections have to be prepared for a large number of
areas. Under these circumstances, it becomes desirable or
even necessary to carry out the woe,: by electronic computer.

EVALUATION OF PRojk,

Design of Evaluation Studies

As in the case of estimates, the evaluation of projections
requires some standard by which to judge their quality. The
possibilities of evaluating a set of projections are limited be-
cause current estimates or censure counts for many years
subsequ to the base date art needed. In the practical situa-
tion, this would permit evaluation of projections only after a
long period of time has elapsed; by this date the methodology in
current use may have changed and, hence, would not be en-
compassed by the evaluation. However, there is a broader
issue. The concept of "accuracy" becomes iess meaningful
where several series of projections are offered as reasonable

and. particularly, where none is designated as a
"forecast." In this case would we judge the accuracy of the
"medium" series, the one described as "most likely;" each
series individually, or some of them, recognizing that thet
projections were not offered as predictions?

When a particular projection has been designed as a forest
or prediction, it seems perfectly appropriate to measure 's
accuracy by a subsequent comparison with a census count or
current estimate. We also believe that those projections which
fit our definition of incipal series (i t., which claim 3 in-
corporate realistic assumptions and which are offered as
reasonable possibilities of future population site) arc also
prober candidates for evaluation, especially the medium series
in a set. One may reasonably compare each projection in a set
of such projections with the population actually recorded to

raS
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indicate how it deviates from the current figure. Such compari-
sons, expressed in terms of percent differences, have in fact,
often been made." They are also of value in selecting a series
of projections 'iNr later use.

To achieve a limited evaluation of a set of projections. one
may compare them with a revised set of projections made in
subsequent years. Such a comparison suggests the probable
direction of errors of the longer-term projections, as well as the
actual error of the short-term figures which are compared with
current estimates or revived short-term projections.

Attention may profitably be focused on the accuracy of the
projection of net change and its components (births, deaths, and
net migration) rather than on the poonlation projection itself
since these are the elements actually projected and since the
analyst knew the minal population to begin with. The per-
centage error of the projected clpnge will be very much larger
than the percentage error in till projected population. Com-
parison of the actual components of charige with the projected
figures is particularly valuable viace It provides insight into the
reasonableness of the various assumptions and shows how the
overall population projections may have benefited from com-
pensating errors. A supplementary approach is to consider the
errors in projections by age, Identifying separately, if possible,
the age group born since the base date of the projections. This
comparison will not only indicate differences in the relative
accuracy of projections of atgo groups. but will also indirectly
provide some insight into the relative contribution of births
and the other components to the total en or.

Keyfitz has suggested further that, since the analyst ordi-
narily knows the current growth 'rate or other measures of
curren change, such as age-specific birth rates and death
rates, relative success shouid be measured by the degree to
which the a.-alyst anticipates the deviation from the change
resulting from the current rates of growth." By that cnterion
the percentage errors will tend to be even larger for a given
series of projections.

If the analyst's success in making projections for different
dates and areas is being judged comparatively. an important
standardizing factor is the length of the projection period. One
Would expect errors to be greater when the projection period
is longer. The size of the area and its rate of growth would also
be factors characterizing the area which might systematically
affect the accuracy of the projections.

A possible further basis for evaluating projections is in terms
of the range from the highest to the lowest series in a set of
principal projections. The width of the range from the highest to
the lowest projections depends on the c.gulanty of past demo-
graphic trends, knowledge regarding past trends, ability to
measure them accurately, and finally, the analyst's judgment
of the likely course of future change. The range is. in a sense, a
reflection of the analyst's confidence in the medium series of
projections. As the range widens, he is indicating that he
has less and less confidence that the medium figures will
correspond to the actual figures. This suggests that, if the office
producing the projections has successfully designed the range
for several sets of projections made at different dates so as to
reflect an equal. although unspecified, degree of confidence, the

" For illustrations see references given in footnotes 79 and 83
" Nathan Keyfitz, "La provecadn v la oreaccion en demoar.sfia Un revision

gel estado de este arse" (Projection and prediction in demography A re view of
the state of the art). Conferencia Regional Latinoamericona de Poblai ion,
1970. proceedings of a confer ce sponsored by the International Union for the
Scientific Study of Populate ,J the Cokgio de Mexico, Mexico (ay, Aug
17-22,1970 (in press)
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relative variation in the raggt js suggestive of the differences in
the relative accuracy of various sets of projections Certainly,
from the user's point of view, given an assumption of equal
probability from one set of projections to another that the
"true" figure wil' fall in the range stated, the narrower the
range the more useful the figures. The range may be measured
as the difference between the highest and the lowest projections
for a given date as a percent of the mean of the highest and
lowest populations.

The real difficulty here is the assumption that one range
covers the same confidence Interval as another range. A few
demographers have considered the problem of developing
probabilistic measures of the accuracy of projections analogous
to the sampling error of estimates derived from sample surveys.
The issue has been examined most extensively by Muhsam and
Sykes." Muhsam believes that demographers should provide
probability statements for each of their projections and that
those who use forecasts should determine a quantitative loss
function which would indicate the loss incurred when the fore-
casts used err by stated amounts." Sykes has developed a
model in which the variances of predictions are determined on
the basis of the observed variability of vital rates. Tin. model
yields relatively high 4..-ediction variances for population
projections, as confirmed by a numerical example with U.S.
data.

Nationat Pridections

Several systematic Studies of the accuracy of national
projections have been made but these do not usually distinguish
the method of projectiqn, the components of error, or the length
of the projection period." Thet period-fertility variation of the
component method, the method most widely used to project
national population where vital statistics are available, has
often been found to produce unsatisfactory results. Typically,
the greatest source of error has been in the projections of births.
Where several series have been projected, the range has
usually been quite wide and yet has occasionally failed to
encompass the actual population. The ptospects for improving
the accuracy of national popt&ion forecasts are not great
although they 'may have considerable value as anaiytic tools."

"H V Muhsam. "The Utilization of Alternative 'Population Forecasts in
Planning." Bulletin of the Research Council of Israel, 5(2-3) 133-146, March-lb
June 1956; idem. "The Use of Cost Functions in Making Assumptionvfor
Population Forecasts," in United Nations. World Population Conferen2v,
1965 (Belgrade). Vol III. pp 23-26. and Z M Sykes. "Some Stochastic
Versions of the Matra Model for Population Dynamics." Journal of.the Amer.-
( an Statistical Assoc sation. 64(325) 111-130, March 1969

"For example, the accuracy of projections for geographic subdivisions has
been examined by Altouney in the general framework of the sources of un-
cerdfinties in planning water-resources projects See Edward G Altouney,
The Role of Uncertainties in the Economic Evaluation of Water-Resource
Prole( ts. Institute in Engineenng-Economic Systems. Stanford University, vet

Stanford, Calif . Report EEP-7. August 1963.
"Joseph S Davis. The Population Upsurge in the United States, War-Pace

Pamphlets No 12. Food Research InstiuM. Stanford University. Detember
1949. Harold F Dorn, "Pttfalls Population Forecasts and Projections,"
Journal of the American Statistical, ssociation, 43(251) 311-334. September
1950, Henry S Shryock, Jr "Accuracy of Population Projections for the
United States." Li:odic:1i a. 12(45) 587-598. December 1954. Robert J. Myers.
"Companion of Population Projections with Actual Data," in United Nations,
World Population Conferenie, /954 (Rome). pp 101 -111, and ,Cezar A
Peliez. "The Degree of Success Achieved ih the Population Projections for
Tata Amenca Made since 1950 Sources of Error Data and Studies Needed
in Order to Improve the Basis for Calculating Projections," in United Nations.
World Population Conference1965 (Belgrade), pp. 27-33 John V &Roman,
"Success and Failure in Population Forecasts a the 1950's A General Ap-
praisal," in United Nations, World Population Conference, /965 (Belgrade).
pp 10-14

"John Naiad. "The Prospects for Population Forecasts," Journal of the
A meri an Statists( al Association. 50(270) 309-322, June 1955
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The elaboration of the method has contributed at least to this
flanction of projections.

The United Nations has systematically compared the projec-
tions for the regions and countries of the vorld published in
1966 with those -published in 1958.1' The differences for
regions reflect reestimation of the present size of the popula-

r lion in each area and of current fertility and mortality levels,
and a change in the assumptions used in the projections. The
result of the new calculations for most of the world, in com-
parison with the earlier ones, is an initial acceleration of popu-
lation growth and a subsequent deceleration. Judging the earlier

projections on the basis of the current estimates for 1960 and
the revised projections, the earlier medium projections for
1960 and 2000 were too low in some areas and tro high in
others by considerable percentages. Tt...e indicated percent
"errors" in the projections for major world regions for various
dates are shown in table 24-21. for example, the earlier
lnedium projection for Africa in the year 2000 was 33 percent
too low, and the medium projection for East Asia in 2000 was
44 percent too high, according to the revised projections.

The projections of U.S. population made during the 1930's
and 1940's by the Scripps Foundation and the U.S. Bureau of

Table 24-21. - Comparison of United Nations Medium Projections for Major World Regions Pub-
lished in 1966 and Corresponding Projections Published in 1957

[Percent' represent the deviation of projections published in 1957 from the current estimates or revised projections as a percent
of the current estimates or revised projections]

Country

Palmist on, 1960
(stations) Percent Jafference

1957 1966 1960 1970 1980 1990 2000

World 12,910 2,998 -2.9 -3.1 -2.5 -0.9 +2.4
East Asia 796 794 +0.3 +6.2 +15.7 +27.5 +44.0South Asia 827 865 -4.4 -8.5 -10.4 -10.3 -7.2turape 424 425 -0.2 +0.7 +3.3 +5.6 +7.8U.S S R 215 214 +0.5 +3.3 +6.8 +7.3 +7,4Africa 235 273 -13.9 -19.7 -25.8 -30.2 -32.7Northern America 197 199 -1.0 -0.9 -3.1 -7.5 -11.9Latin America 206 212 -2.8 -6.4 -7.9 -8.4 -7.2Oceania 16.3 15.7 +3.8 +3.7 -0.4 -4.8 -8.2

Rounded to nearest 10 million

Source: Adapted from United Nations, World Population Prospects as Assessed an 1963, Seriei A. Population Studies, No 41, 1966, tables 4 3 and 4.4

Table 24-22. - Comparison of Projections of the Components of Population Change With the
Corresponding Current Estimates, for the United States: 1966 to 1969

(Population in thousands]

Projection series
Population Population change, 1966 to 1969

July 1, 1969 July 1.1966 Nei change hs Deaths lomagritior

Population and population change:
Current estimates 203,216 1196,907 6,309 16,676 5,697 1,331Series A. 205,311 2196,842 8,469 13,094 5,825 1,200Series B 204,466 2196,842 7,624 12,229 5,804 1,200Series C 203,635 2196,842 6,794 11,378 5,785 1,200Series D 202,923 2196,842 6,082 10,649 5,767 1,200

Difference:'
Amount:

Series A +2,095 -66 +2,161 +2,419 +127 -131Series B +1,250 -66 +1,315 +1,553 +107 -131Series C +419 -66 +485 +703 +87 -131Series D -293 -66 -227 -26 +70 -131
Percent:2

Series A - +1.0 (2) +34.3 +22.7 +2.2 -9.8Series B ,. +0.6 (2) +20.9 +14.5 +1.9 -9.8Series C +0.2 (C) +7.7 +6.6 +1 -9.8Series D -0.1 (2) -3.6 -0.2
741.2 -9.8

Z Less than 0.03 percent.
Revised estimate.

*Provisional estimate used as base of projection
Minus sign indicates that the estimate exceeds the projection
Estimate Is the base of the percent.

Source: US Bureau of the Census. Current Population Reports, Senes P-25. No 441. "Estimates of the Population of the United States, by Age. Race. and Sex:July I. 1967, to July I. 1969." March 19. 1970. table G

1 United N satins, Worldtzpidation Prospects as Assessed is 1963, pp 15-17
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the Census proved to be consistently too low, primarily be-
cause of understatement of future births. Although the range
of the projections made during the 1950's and 1960's still
encompassed the actual figures after several years. the projec-
tions were generally too low or too high, depending on whether
the actual trend of fertility was up or down at the time the
projections were being prepared.

A comparison of the U.S. projections for ro69. based on
current estimates for 1966, with current estimates for 1969
illustrates the latter situation (table 24-22)." This comparison
shows that the population increase in the 3-year period was

Table 24-23. -Comparison of Projections of the Population
Under 5 Years Old and S Years Old and Over With the Cor-
responding Current Estimates, fof the United States: July 1,
1969

(Population in thousands'

Protection @amused
ase(yeam)

-.----A

Prown oni Current

estimate

Diffem.ncel

Amount Percent

Under 5 years:
Series A 20,367 .17,960 +2,407 +13.4
&trio/ B 19,522 17,960 +1,562 +EL?Series C 18,691 17,960 +731 +4.1Series D 17,979 17,960 +19 +0.1

£11 aerial, 5 years and
over 184,944 185,256 -312 -0.2
5 to 14 p 41,335 41,345 -10 (z)
15 to 24 35,118 35,054 +65 +0.2
25 to 34 24,629 24,680 -51 -0.2
35 to 44 23,146 23,314 -6.7. -0.3
45 to 64 41,325 41,393 -69 -0.2
65 years and over 19,291 19,470 -179 -0.9

Z Less than 0.63 percent
-of

Projections from U S bureau of the Census. Current Population Reports.
Series P-25, No. 381. "Protections of the Pupulation of the United States, by
Age. Sex. and Cohr to 1990. With Extensions of Population by Age and Sex
to 2015." Dec. 18, 1967.

' Consisteut with U S. Bureau of the Census, Current Popatatton Reports.
Series P-25, No 428. "Estimates of the Population of the United States b, Age,
Race, and Sex. July 1. 1969." Aug. 19, 1969

Minus sign indicates that the estimate is greater than the prc.jection
' Estimate is base of percent

e U S Bureau of the Census. Current Population Reports, Series P -25,
No. 441. "Estimates of the Population of the United Stahs. by Age. Race. and
Sex. July-1. 1967 to July I, 1969," Mar. 19. 1970, table H

"U.S Bureau of the Census. Current Plpulatton Renorts. Series
No 38I, table B
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overstated in Series A, B. and C by 34, 21, and 8' percent,
respectively, and that the overstatement of births accounted
principally for the errors in these series of projections. The
overstatement of births was partly offset by an overstatement
of deaths and an understatement of net immigration. The
concentration of the error in the births is also reflected in the
relatively large difference in the projections for children under_
5 in Series A, B, and C, as compared with those for the popula-
tion Sandever (table 24-23).

Geographic Subdivisions

Projections for states, prr...-vinces. localities, etc., are subject
to much greater average error than those for whole countries
(i.e., for a given length of projection period). The greater in-
accuracy results party from the added uncertainties of internal
migration and partly from the fact that errors (or deviations in
general) tend to vary inversely with population size.

Siegel's review in 1954 of the various U.S. tests of sub-
national projections concluded that no one method uniformly
gave the best results and that in many cases a simple mathe-
matical method was as accurate as a component method using
age-specific rates." The more elaborate methods, such as the

short-component methods, would still be preferred for their
-..alytic value, however.

He concluded further that the "error" rate tends to vary
directly with the rate of population growth and with the length
of the projection period. After 20 years no method any longer
provided accurate forecasts. The longer the projection period
the greater the likelihood of unforseen developments which can
cause the actual population to fall outside the range projected.
Similarly, pertaation trends are less regular for small popula-
tions than large ones. Accordingly, projections for subnational
areas should be carried out for fewer years than projections for
countries as a whole. These findings and the practical need for
consistency with current estimates suggest the need for fre-
quent revision of the projections for geographic areas.

"'Jacob S. Siegel. "Some Aspects of the Methodology of PopulationForecasts
for t_seographic Subdivisions of Countrles." in United Nations, World Popiderlon
Ca derence, 1951 (Rome) See also Helen R. White, "Empires] Study 01 t*
A.:curacy cf Selected Methods of Projecting State Populations" Journal of1he
American Statistical Association, 4912671:480-498, September 1954; Jacob S.
Siegel. "Forecasting the Population of Small Areas." Land EconomIct,29(L):72-
87. February 1953; and Robert C Schmitt and Albert H. Crosetti."Aceurgcy of
tne Ratio Method for Forecasting City Population." Land Economics, 27(4):346-
348. November 1951.



Editor's sots: This material is taken' from U.S. Department of Commerce, Bureau
of the Census, Illustrative Projections of World Populations to the 21st Century,
Washington: Government Printing Office, 1979, pp. 13-15.

PROJECTION METHODS

,BINNIYear Decd

The aviation' In this report begin from a single Matt
of a populations's size and age distribution for a specific
"base year." The preferred base year In this report is 1975;
a different bees year wan established only vihen dal were
Imufficienf for an somPteble single *insets of population
dm and ass distribution for 1975.

The bee year forprojections for each of the more d
velopsd regions and countries shown in this report is 1975.
M the case of these countries, either census data were avail-
able * 1075 or an estimate for 1975 was made on the basis
of anal data for a recent year and on the availability of
notable statistics on births, deaths, and net migration. The
base year :or the "remainders" of ha developed regions is
also 1975, altfaush the quality of the available data and
resulting estimates for these areas islower than for the more
davit:pod areas. The United Nations medium variant projec-
Sons of thi: population by age and sex for 1075, with some
adiatments whir* needed, toned as the bap year PoPuir,
don for remainders of NOM*.

lime years for the less developed countries shown in this
report very according to the year for which the most reliable
de* -we available. Only for three of the less developed
ammtriss, namely Egypt, Nigeria, and Pakistan, is the base
year 1975. Sae years for the other nine less developed
Cauntries for which projections are shown In this report are:
englasisia, 1974; 'rail, 1970; People's Republic of China,
11163; hale, 1971; Indonesia. 1971; Mexico, 1970;

1

Philippines, 1970; South Korea, 1070; and Thailand, 1070.
Population estimates for these countries as of 1075 were
subsequently made based on past trends in fertliity, mor-
tality, and net international migration.

Base-year fertility and mortality rates. As part of its con-
tinuing program in, the collection and evaluation of inter-
national demographic data, the Census Bureau had previously
prepaed estimates of base -year fertility levels for most of the
less developed countries In this report. These estimates con-
sisted of a schedule of age-specific fertility rates and the
corresponding total fertility rate for each country, which
then served a the bale-year fertility levels. For areas not
specifically studied, U.N. fertility Wag were used, except for
Colombia, Turkey, and Iran, where new data indicated that
the actual 1975 fertility levels were significantly different
from the projected U.N. levels.

esse.year fertility levels for the more developed countries
were adapted from those used by the individual countries
in making national projections, with some adjustment to
bring them up to the base year of 1975.

Levels of base-year mortality were estimated from the
same sources as base:year fertility.

Assumptions About the Future

In order to project the future size and age distribution of
populations using the components method, essumptions
must bi made about the future course of each of the corn-
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points of population growth. Thus, one must specify
whether fertility levels will rise or fall, and to what extent;
whether or not people will live longer on the average; and,
for projections of individual countries and regions, what
will be the amount of net migration.

The illustrative population projections presented here
are bleed on 'he general assumption that there will be no
major catastrophes, widespread epidemics, or social, Weikel.
or economic upheavals in the future. While no component
of demographic change can be Ptodictedexactly, demo-
graphic history in recent decades has shown that changes In
mortality and net international migration are likely to have
less impact than changes in fertility on the ilize and com-
position of future population. As a result, the larger the
Proportion of a projected population born Oar the ban
date, the more uncertainty there is in the projected
population.

The population projections shown in this report are
"correct" in the sense that they accurately illustrate the
population growth that would result from a given base year
population estimate subjected to varying levels of vital rates.
Of course, population projections Mil be valid only to the
extent that they are derived both from reliable estimates
of base year populations and from accurate assumptions
about the future course of those demographic factors which
affect population growth. Recent demographic 'history in
both more aild leer developed countries has shown that very
rapid changes in vital rates, especially fertility, can occur in
time periods even shorter than the projection period chosen
in this report.

Migration. In order to simplify the problem of making
population projections for individual countries and regions,
the assumption has been made that thertwill be no migration
from one country to another between 1976 and the year
2000. This assumption certainly introduces an element of
error into any population projection. However, it seems
likely that net migration will be the least impOrtant factor
influencing population growth, as international migration
within large geographical areas has superseded earlier overseas
migration between Europe and themericas." In support of
this contention, the data below show that the overall effect
of net migration 'on population growth in Europe for the
1950-70 period was negligible (a loss of only 4 percent),
although considerable variation in the importance of net
migration on population growth can be found in the com-
ponent regions.

With respect to individual countries, the assumption of
no further migration can adversely affect the quality of the
population projection, especially where the rate of natural-
increase is very low. For oxen**, .although the level of net
migration into the United States has been between 300,000
and 400,000 persons a year ,for the past several decades,
substantial declines in fertility have increased the net mi
gration component of population growth from 10 to 15

"See United NatiOns,"The World Population Situation in 1970,"
PelleNetiets Illmehm, No. 49 (New York: Unit Nations Depertntent
of Economic and Social Affairs, ST/S0A/1Series A/49, 1971).

Estimates of Not Migration in Europe: 1960 to 1070

Region Net migrants
(thousands)

Ratio of net
migration to

natural
increase
(percent))

Europe' -3,028 -4
Western Europe *8,748 +51
Southern Europe -7,301 -29
Eastern Europe -3,777 -21
Northern Europe -6913 -8

'The regional assignment of countries differs
from that shown elsewhere in this report.

Source: 'United Nations Secretariat, "Inter-
national Migration Trends, 1950-1970," The Popu-
lation Debate: Dimensions and Perspectives, Papers
of. the World Population Conference, Bucharest,
1974, Vol. I (United Nations publication, Sales
No. p. 247.

percent in the 1950's to 20 to 25 percent during the
1970's."

Fertility. The general conceptual framework which underlies
the fertility assumptions made in these projections is as
follows:

1. The less developed countries will continue to make
modirate progress in social and economic develop
mint during the 1976-2000 period.

2, Fertility will decline es less developed countries pro-
_ gress in social and economic development. In the long

run, the fertility level is expected to decline more or less
continuously, though with some temporary plateaus.

3. Almost all countries, which do not already do so, will
make family-planning services available to an appreci-
able portion of the population during the 1975-2000
period, and those countries with family-planning
progrims now in operation will extend coverage,
particularly .n rural areas.

4. Knowledge and methods of family limitation will be.
come -better knOtvh and will be more widely used
among populations that wish to reduce fertility. Ex-
pension of family-limitation practices will expedite
the process of fertility decline, and in countries where
rapid social and economic progress and strong desires
for smaller families coincide, fertility decline will be
very rapid.

Three projection series for fertility were made for each
individual country or geographical area. In setting the high,

"In the official Census Bureau medium projection of the popula
Lion of the United States, some 12 million more people are expected
by the year 2000 if a net migrstion assumption is included in the
population projection thin if no migration is assumed. Si. U.S.
Bureau of the Census, Current Population Reports, Wig P-2e,
No. 704, "Projections of the Populslon of the United States: 1977 to
3060" tWeshIngton, D.C.: U.S. Goverment Printing Office, 1977).
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medium, and low levels of fertility in the year 2000, some
general guidelines were followed:

1. The higher the level of fertility at the base date, the
wider the range of assumed fertility levels in the year
2000.

2. The greater the uncertainty about the current fertility
levels and current trends, the greater the range of
assumed fertility levels in the year 2000.

The three fertility projection series in this report did not
use any mathematical models of fertility change; instead,
the assumptions were made on a judgmental basis by demo-
graphers who have worked with the demographic and related
socioeconomic data for the individual countries for a number
of years. For the less developed countries for which indi-
vidual projections were made, the demographers set the
target fertility decline by taking into consideration the
following factors:

1. Current levels and recent trends in facility;
2. current levels and recent trends in social and economic

development;
3. current status and past performance of family planning

and public health programs,
4. government policy on population related matters;
5. recent fertility trends in countries with similar cultural,

social, and economic conditions and prospects;
6. expressed "desired family size" in the population;
7. fertility assumptions made by international agencies,

such as the United Nations and the World Bank.

In setting the target fertility levels and projection paths,
special consideration was given to fertility assumptions made
in population projections prepared by national agencies and
universities in the countries under consideration. The rationale
was the belief that demographers in the individual countries
may have a unique understanding of what are reasonable
fertility levels to expect in the future for their own country.
Such national projections for less developed countries were
available and were considered in making assumptions for
Brazil, Indonesia, Pakistan, the Philippines, South Korea,
and Thailand. With respect to the more developed countries,
almost every country has made its *own official national
projection; with slight modifications in some lateness, these
official projections were used in this report.

After the fertility levels for the intermediate years were
determined for each projection series, the age patterns of
fertility were selected for the initial projection year and the
year 2000. Age-specific fertility rates for the intervening
years were then chosen to reflect the level of fertility for
those years.

ality. One mortality assumption was used for all three
Isolation series, except for the People's Republic of China.' 3
Mortality estimates for the base year of the projections and
for the projection period were estimated from a variety of
sources, including registered deaths by age and sex, often
adjusted for undorregistration; survey or census data on
deaths by age and, sax during the preceding year; or by
analyzing age distributions of the population at one or more
points in time and applying accepted demographic tech-
niques, e.g., stable population analysis or model life tables
to generate an appropriate life table. In a few countries, such
as Nigeria, where no reliable information is available,
"guesstimates" as to the level of mortality and the appro-
priate model life table pattern were made, with consideration
given to estimates that had been previously made by other
agencies and research centers.

Projections of mortality from the base yogi were generally
done in one of two ways: Either a target life expectancy at
birth land a corresponding life table) was chosen for the year
2000 and life expectancies for the years between 1975 and
2000 were graphically interpolated; or the pattern and
degree of change in mortality from year to year was seamed
with the eventual life expectancy in the year 2000 resulting
from the projection process. Whether target life expectancies
were initially chosen or whether the trend was initially
chosen, consideration was always given to the trends and
levels shown in already existing national projections, and
the mortality trends.that have occurred in similar countries.
Target life expectancies for the year 2000 were sometimes
chosen to be the same as those already achieved in "leading"
countries, or previously assumed in projections made by
other agencies and organizations.

Since the People's Republic of China is such a large component
of (1) the World, (2) less developed countries, and (3) Asia and
Oceania, high and low mortality series differ from the medium series
for these three areas as well.
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Editor's notes This material is taken from U.S. Department of Commerce, Bureau
of the Census, Illustrative Projections of World Populations to the 21st Century,
Washington: Government Printing Office, 1979, Apoendbi B, pp. 95-116.

Soces of Boss -Year Data and
Projection Assumptions

PEOPLE'S REPUBLIC OF CHINA

Ban Data

Base date: January 1, 1953

Populition. The population estimates and projections for
the People's Republic of China were made by the staff of the
Foreign Demographic Analysis Division, U.S. Bureau of the
Census (19781. The base population data were derived from
the June 30, 1953 census, and are based on a model age-sex
cfletribution that was designed to reflect the probable demo-
graphic history of China for the preceding three centuries.

Fertility level. Based on a model reconstruction of the
population of China, the crude birth rate was estimated to
be 45 per 1,000 in 1953. This level of the crude birth rate
corresponds to an estimated total fertility rate of 6.1 children
per woman.

Mortality level. A crude death rate of 22.5 per 1,000 was
estimated for China in 1953. Model life tables were used
to derive an expectation bf life at birth of about 40 years
for male% and 43 years for females.

Projection Assumptions

Fertility. In all series, the total fertility rate was estimated
to have declined by the year 1975, with the most rapid annual,
declines occurrifir after 1989. The total fertility rate was
assumed to have declined by 1975 to 6.2 in the high series,
4.1 in the medium series, and to 3.1 in the low series.
Further declines are projected to occur between 1976 and
1986 by about 40 percent in each series resulting in a total
fertility rate by 1985 of 3.1 in the high series, 2.6 in the
medium series, and 2.1 in the low series. These rates are
then assumed to remain stable during the remainder of the
projection period.

FIGURE B-1.
Total Fertility Rates for the People's
Republic of China: Estimated 1953
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Mortality. In all series, life e' ectancy at birth was assumed
to have fluctuated erratically between 1963 and 1961. In the
highprojection series, life expectancy was assumed to have
increased lia; to 42 years for males and 45 years for
females. A steady e'se was projected for the remainder of
the projection period, reaching 80 and 64 years, respectively,
for males and females by the year 2000. In the medium-pro
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jection series, life expectancy at birth was assumed to have
dedinid by 1961 for both melee and females to 38 and 41
years, respectively. Between 1961 and 2000, however, an
increase of almost 75 percent has been projected which re-
sults in an expectation of life at birth of 65 years for males
and 89 years for females by the year 2000. In the low-series
projection, life expectancy falls between 1953 and 1961 to
34 and 37 years, respectively, for males and females. Life
expectancy at birth then doubles by the year 2000 to 70
years for males and 74 years for females.

Migration. No international m gration was assumed to have
occurred during the projection period.

Major Sources

ForeignDemographic Analysis Division, U.S. Bureau of the
Census. 1976. Population Estimates and Projections for the
People's Republic of Chins. Computer printouts, unpub-
lished.

U.S.S.R.

Base Davi

Base date: ,linuary 1, 1975

Population. The population estimates and projections for
the U.S.S.R. were prepared by the staff of the Foreign
Demographic Analysis Division, U.S. Bureau of the Census
(1977). The base population data were derived from the
age-sex distribution of the January 15, 1970 census and
were subsequently adjusted on the basis of the single year
of age distribution for the U.S.S.R. (U.S. Bureau of the
Census, 1973). Annual data on births, deaths, and net
migration were used, to advance the population to the base
date (Central Statistical Administration).

Fertility level. Age-specific fertility rates for 1975 were from
official government sources (Central Statistical Administra-
tion, 1976, No. 11, p. 86). The total fertility rate for 1975
was estimated to be 2.4 children per woman.

Mortality level. Life table values for 1975 were derived
from 1973.74 estimates of mortality rates (Central Statistical
Administration, 1975, No. 12, P. 84). Life expectancy at
birth in 1975 was estimated to be 63.1 years for males and
73.8 years for females.

Projection Assumptions

Feet8Ity. The total fertility rate of 2.4 in 1975 was assumed
to have increased by the year 2000 to 2.7 in the high series,
and to have decreased to 2.3 in the medium series and to 1.9
in the low series.

FIGURE B-2.

Total Fertility Rates for U.S.S.R.:
Estimated 1957-75 and Projected
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Mortality. In all series, life expectancy is assumed to increase
gradually during the projection period by 2.5 years, resulting
in a life expectancy at birth in the year 2000 of 65.6 years
for males and 76.3 years for females.

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

Central Statistical Administration. Various dates. Vestnik
Statistiki. U.S.S.R. Council of Ministers.

Foreign Demographic Analysis Division, U.S. Bureau of the
Census. 1977. Estimates and Projections for the U.S.S.R.
Computer printouts, unpublished.

U.S. Bureau of the Census. 1973. International Population
Reports, ,"Estimates and Projections of the Population of
the U.S.S.R., by Age and Sex, 19504000," Series P-91,
No. 23.

INDIA
9

Base Data

Base date: July 1, 1971
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Population. The base population data were derived from the
April 1, 1971 census adjusted for 2.7 percent net under-
enumeration. The 1981 and 1971 population censuses were
adjusted by a cohort analysis, accepting estimated levels of
mortality and fertility during the intercensal period. Assump-
tions were made concerning trends in the sex ratios for each
cohort during the 10-year period, by age and sex, from the
1971 Post Enumeration Check (Registrar General and Census
Commissioner, 1975, pp. 33.36).

Fertility level. The total fertility rate for 1971 is a weighted
average of 1969 urban and rural age-specific fertility rates
derived from the Sample Registration System (Office of the
Registrar General, 1972, pp. 7. and 32). The combined rates
were inflated to achieve an estimated crude birth rate of
39 per 1,000 for 1971. The estimated crude birth rate was
based on a reported All-India rate from the Sample Registra-
tion System (Registrar General;'1976, p. 2) and subsequently
inflated by 5 percent (see Registrar General, 1974, p. 7, and
Registrar General and Census Commissioner, 1974, p. 10).

Mortality level. Empirical life tables for 1909 were derived
from age-sex specific death rates from the Sample Registra-
tion System (Office of the Registrar General, 1972, pp. 58-
82 and 72-77). ;These rates were graphically smoothed
end adjusted using as a guide data from the National SaMple
Survey (Cabinet Secretariat, no date, p. 16). Life expectanCies
at birth by sex for 1971 were derived by estimating prot able
improvements in the life expectancies since 1969 and by
assuming that the age pattern of mortality was that implied
by the Coale-Demeny south region model life tables at
equivalent levels of life expectancies (Coale and Demeny,
1966).

Projection Assumptions

Fertility. The total fertility rate of 5.7 in 1971 was estimated
to have declined by about 7 percent to 5.3 in 1975 in all
series, after considering the trend in crude birth rates from
1971 to 1975 from the Sample Registration System (Regis-
trar General, 1978, p. 2, and Cheri, 1977, p. 4); By the year
2000, the rates were assumed to have declined to 4.5 in the
high series, 3.5 in the medium series, end 3.0 in the low
series. In the medium sides, the fertility rate for the year
2000 was assumed to approximate the "desired family
size" (between 3 and 4 children) in India as shown by data
from area and national surveys conducted around 1970
(Rao and Mullick, 1974, pp. 325 and 342, and Nair, 1974,
pp.,345:355). The rate for the low series was assumed to be
0.5 below the level of the medium saris:. Both the medium
and the low series have approximately the same rates in the
year 2000 at those for the period 199C-2000 in the United
Nations medium and low v orient projections. respectively
(United Nations, 1975, p. 1X117The high series was projected
to reflect a pessimistic view of the future direction of the
Indian family plannint program that has} prevailed since the
March 1977 elections and the advent of the new government
in India.

5o

FIGURE B-3.
Total Fertility Rates for India:
Estimated 1956-75 and Projected
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Mortality. In a!I series, life expectancy at birth was assumed
to increase from 51.5 years to 62.7 years for males and from
50.6 years to 64.5 years for females between 1975 and 2000.
The life expectancies at birth for the year 2000 were esti-
mated considering past trends in mortality, mortality in
other countries of the region, United Nations projections,
and expected Improvements in the social, economic, and
health sectors of the cotAitry.

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

Cabinet Secretariat. no date. The National Sample Survey,
Fourteenth Round, July 1958 June 1959. Fertility and
Mortality Rates in Rural India. Report No. 89. New Delhi.

Chari,,R. B. 1977. "Vital Statistics Systems in India." Paper
prepared for Conference on Vital Statistics in Asia, May
9.13, Manila.

Coale, Ansley J. and Paul Demeny. 1966. Regional Model
Life Tables and Stable Populations. Princeton University.
Princeton.

Nair, P. S. 1974. "Desired Family Size: Correlates and Reli-
ability of Responses." Demography India. Vol. III, No. 2.
New Delhi.
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Office of the Registrar General. 1972. Measures of Fertility
and Mortality in India. SRS Analytical Soria. No. 2. New
Delhi.

Rao, Kamala Gaps!, and Saroj Mulllck. 1974. Studies in
Family Planning: India. Abhinov Publications. New Delhi.

pegistrar General. 1974. Age and Life Tables (One Percent
Sample). Series 1 - India. Miscellaneous Studies. Paper 2.
New Delhi.

1976. Sample Registration Bulletin. Vol X.
No. 1. New Delhi.

Registrar General and Census Commissioner. 1974. The
Population of India. National Population Monograph in
the CICRED Series. New Delhi.

. 1975. Census of India 1971. General Popula-
tion Tables. Series 1 - India. Part II-A (i). New Delhi.

United Nations. 1b75. Selected World Demographic Indi-
ators by Countries, 1960-2000. ESA/P/WP.55. New York.

INDONESIA

Bate Data

Base date: July 1, 1971

Population. The base population data were derived from the
September 24, 1971 census adjusted for 3.8 percent net
underenumeration. The 1981 and 1971 population censutes.
were adjusted using 1 cohort analysis, by age and sex, ac-
cepting estimated levels of mortality and fertility during the
Intercensal period and assuming certain trends of the sex
ratios in oath age cohort during the 10-year period:

Fertility level. The total fertility rate for 1971 was estimated
by considering final and preliminary fertility estimates from
the 1973 Fertility-Mortality Survey (University of Indonaia
Demographic Institute, 1974.75 and 1975), estimates derived
by the own-children method using data from the 1971 census
(Indonesia Central Bureau of Statistics, 1978, table 1.1),
preliminary data from Phase I of the 1976 Intercensal Popu-
lation Survey (East-West Population Institute:1977), and
preliminary results from Phase III (World Fertility Survey)

7- of the 1978 Intercom' Population Survey for Java and
Bali. An average of the 1965-70 rate from the 1973 survey
and the 1967.70 rate estimated from the 1971 census own-
children data was - assumed to apply to 1971. This level was
supported by the preliminary data available from Phase Ill
of the 1976 Intercensal Population Survey.
The age pattern of fertility for 1971 was accepted from

the 196670 age-specific fertility rates from the 1973
Fertility-Mortality Survey.

Mortality level. Empirical life tables for 1971 were derived
by applying the census survival technique to 1961 and 1971
census data (U.S. Bureau of the Census, 1975, pp. 9 and 10).

Projection Assumptions

Fertility. The total fertility rate of 5.7 in 1971 was assumed
to have declined by 10 percent to 5.1 in 1976, considering
preliminary results from Phase III of the 1976 Intercensal
Population Survey and the change in the number of new
acceptors in the family-planning program between 1971 and
1976. The rate of 8.1 in 1976 was assumed to have declined
by the year 2000 to 4.0 in the high series, 3.5 in the medium
series, and 2.5 in the low series. The high and medium levels

were chosen after considering past trends in fertility and
assumptions made by the East-West Population Institute
(1977), the United Nations (1975), and the University of
Indonesia Demographic Institute (1973, p. 69) for their
population projections. The low level was chosen to yield a
crude birth rate in 2300 that is approximately 50 percent of
the 1971 crude birth rate which represents the goal of the
Indonesian National Family Planning Coordinating Board.

FIGURE B4.
Total Fertility Rates for Indonesia:
Estimated 1960 -76 and Projectea

T F R 1976-2000
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Mortality. In all series, life expectancy at birth was assumed
to increase from 40 years to 58 years for males and from
43 years to 60 years for females between 1971 and 2001.
After considering past trends in mortality, mortality trends
in other countries of the region, and projections made bar
the United Nations (1975), the East-West Population Insti-
tute (1977), and the University of Indonesia Demographic
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Institute (1973, p. 681, the assumptions made by the Uni-
versity of "Indonesia for 2001 were accepted and subse-
quently interpolated for the year 2000.

Migration. No international migration was cssumed to have
occurred during the projection period.

Major Sources

East-West Population Institute. 1977. Personal communi-
cation.

Indonesia Central Bureau of Statistics. 1976. Estimates of
Fertility and Mortality in Indonesia Based on the 1971
Population Census, by Lee-Jay Cho, Sam Suharto, Geoffrey
McNicoll, and S. G. Made Mamas. SP 76-L02. Jakarta.

United Nations. 1975. Selected World Demographic Indi-
cators by Countries, 1950-2000. ESA/P/WP.55. New York..

U.S. Bureau of the Census. 1975. Levels and Trends of Mor-
tality in Indonesia, 1961 to 1971. International Research
Document No. 2. Washington, D.C.

University of Indonesia Demographic Institute. 1973. The
Population of Indonesia. National Population Monograph
in the CICRED Series. Jakarta.

1974-75. Indonesian Fertility-Mortality Survey
1973, Preliminary Report (Various provinces). Jakarta.

. 1975. Levels and Trends in Fertility and
Childhood Mortality in Indonesia, by Peter F. McDonald,
Mohammed Yasin, and Gavin W. Jones. Monograph Series
No. 1. Jakarta.

BANGLADESH

Bass Data

Base dote: July 1, 1974

Population. The base population data are from the fine;
March 1, 1974 census figure, adjusted for the 6.4 percent
net underenurneration found in the Post-Enumeration
Check (Bangladesh and United Kingdom, 1977,. p. 3) The
total population figure was then projected forward to
July 1, 1974, at a growth rate of 2.67 percent, and an
appropriate age-sex distribution was derived from the ad-
justed 1974 census (Bangladesh and United Kingdom, 1977,
p.3).

Fertility level. Age-specific fertility rate' for 1973 are based
on data from the 1974 Bangladesh Retrospective Survey of
Fertility and Mortality (BRSFM) for births occurring 12
months prior to the survey'(eangladesh and United Kingdom,
1977, p. 4). The unadjusted age-specific fertility rates were
then used as a guide in selecting a model fertility pattern
rather than using them directly to obtain the age-specific
**thy pattern. (Bangladesh and United Kingdom, 1g72

pp. 160-163). 'The 1973 rate was then projected to the
base year date of 1974 (see following section on projection
assumptions). '
. _

Mortality level. A life table for the 5-year period preceding
the 1974 census was derived based on the application of
the Brass and Brass-Hill techniques to data on children ever
born, children surviving, orphanhood, and widowhood as
reported in the 1974 BRSFM (Bangladesh and United
Kingdom, 1977, pp. 88-92). The life-table values were
assumed to apply to 1971, the midpoint of the 5-year period.
The 1971 expectancies were then projected to the base-year
date of 1974 (see following section on projection assump-
tions).

Projection Assumptions ,

Fertility. The total fertility rate of 7.1 411973 was assumed to
have declined to 7.0 for all series by 1975. A further decline
was projected for the" year 2000 to 5.0 in the high series,
4.3 in the medium series, and 3.5 in the low series. The same
range of projected rates was assumed for both Bangladesh
and Pakistan. Since Bangladesh is currently at a lower devel-
opmental stage than Pakistan, there is a tendency to assume a

slower fertility decline in Bangladesh. However, because of
the immense population pressure' and the emphasis on ster-
ilization as a means of birth control in Bangladesh, it as

assumed that fertility decline would occur at approximately
the same pace for both countries.

' Bangladesh has approximately 8 million more people than Paki-
stan and lea than one-fifth the land area.

FIGURE B-5.
Total Fertility Rates for Bangladesh:
Estimated 1963-75 and Projected

T FR 1975-2000
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Mortality. In all series, life expectancy at birth was assumed
to increase from 45.8 years to 53.5 years for males and from
46.6 years to 54.5 years for females between 1971 and 2000.
The life expectancies at birth for the year 2000 were inti-
mated considering past trends in mortality, mortality trends
in other countries of the region, United Nations mortality
projections, and expected improvements in the social, eco-
nomic, and health sectors of the country. The life expec-
tancy of both sexes in 2000 is at toe same level as the United
Nations medium variant of 54 years.

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

Bangladesh, Census Commission and Ur..,.ed Kingdom,
Ministry pf Overseas Development. 1977. Report on the
1974 Bangladesh Retrospective Survey of Fertility and
Mortality. London.

United Nations. 1965. Population Bulletin of the United
Nations, No. 7 - 1'./63: With Special Reference to Condi-
tions and Trends of Fertility in the World. New York.

PAKISTAN

Base Data

Base date: July 1, 1972

Population. The base population data were derived from the
final September 16, 1972 census figures (Census and Regi-
stration Organization) and a July 1, 1972 population was
estimated, assuming an annual growth rate of 3.0 percent. An
age-sex distribution was then derived by applying the per-
centage distribution of an interpolated 1972 United Nations
medium-variant population. Although the reported age-sex
distribution from the 1972 census was available, it was not
used since it appeared to be unrealistic.

Fertility level. Age-specific fertility rates for 1972 were based
on 1974.75 rates from the Pakistan Fertility Survey which
was conduCted in 1975 (Population Planning Council of Paki-
stan, 1976, table 3.7 and appendix tables 1.1, 1.3, and 2.2.1
(a)). The rates were adjusted using the Brass technique which
resulted in a total fertility rate of 6.93. These rates were
graphically extrapolated back to 1972, the date of the bench-
mark population.

Mortality level. The mortality level was based on a life table
constructed using data from the 1962-65 Population Growth
Estimation (PGE) Experiment (Technical Sub-Committee
for Planning Division, 1968).

Projection Assumptions

Fertility. The total fertility rate of 7.0 in 1972 was assumed
to have declined to 8.9 by 1975. By the year 2000, the rates

53

were assumed to have declined to 5.0 in the high series,
4.3 in the medium series, and 3.5 in the low series. In the
medium series, the fertility rate for the year 2000 is approxi-
mately at the level of the United Nations medium variant
The tow-series projection for the year z000 is the same as the
India medium-series projection. The high series projected
rate of 5.0 for the year 2000 was chosen so that the medium
series projected rates would be equidistant between the high
and low series.

FIGURE B-6.
Total Fertility Rates for Pakistan:
Estimated 1960-75 and Projected

TF R 1975-2000
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Mortality. In all series, life expectancy. at birth was assumed
to increase from 47.8 years to 62.5 years for males and from
45.1 years to 64.3 years for females between 1964 and 2000.
The life expectancies at birth for the year 2000 were esti-
mated considering mortality trends in other countries of the
region, United Nations mortality projections, and expected
improvements in the social, economic, and health sectors of
the country. The life expectancy of- both sexes in 2000 is
approximately at .the same level as the United Nations
medium variant, 63.0 years.

Migration.No international migration was assumed to have
occurred during the projection period.

Major Sources

Census and Registration Organization. 1977. Unpublished
computer printouts.
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Population Planning Council of Pakistan. 1976. Pakistan
Fertilhy Survey, World Fertility Survey, First Report.
Lahore.

Technical Sub-Committee for Planning Division. 1968. "Pop-
ulation Projections for Pakistan." Karachi.

PHILIPPINES

Base Data

Base date: July 1, 1970

Population. The base population data wera derived from
the May 6, 1970 census adjusted for an estimated 1.9 per-
cent net underenumeration, and projected to the midyea by
considering estimated levels of fertility, mortality and
migration, and the 1960-70 and 1970-75 intercensal growth
rates. The 1970 census was adjusted by distributing the total
population figures by age and sex based on a 5-percent
sample of census returns (Bureau of Census and Statistics,
1972). The resulting age-sex distribution was smoothed for
age misreporting and the population under 10 years of age
was estimated based on assumed birth Yates and survival

-----\ ratios for the 10 years preceding the census.

'Fertility level. The age-specific fertility rates for the 1968-
72 period are from the 1973 National Demographic Survey
(Concepcion, 1974, table 1) and were accepted as accurately
representing the level and pattern of fertility in 1970.

Mortality level. The 1970 male and female life tables used
were those estimated by Engracia (1974, table 1).

Projection Assumptions

Fertility:The total fertility rate of 5.9 in 1970 was assumed
to have declined by the year 1975 to 5.4 in the high series,
5.1 in the medium series, and 4.8 in the low series. In the
high series, the rate for the year 1975 was based on the aver-
age of the 1970-75 and 1975-80 period rates from the Na-
tional Census and Statistics Office (1974a; table 8) medium-
projection series. In the medium series, the rate for the year
1975 was based on a rate necessary to be consistent with the
1975 preliminary census figure (inflated for 1.9 percent
underenumeration), given assumed trends in'mortality and
migration between 197C and 1975. In the low series, the
rate for 1975 was based on an extrapolation of the average
annual trend found in the Philippine Area Fertility Study
between 1968 and 1974 (Flieger, 1977). The total fertility
rates for 1975 were assumed to have declined further by the
year 2000 to 3.8 in the high series, 3.2 in the medium series,
and 2.5 in the low series. In the high and low series, the rates
for the year 2000 were based on-in extrapolation of the
199-2000 period rates from the University of the Philippines
Population Institute medium II and low I I series, respectively
(Boulier, 1977). In the medium series, the rate for the year

2000 was based on a graphical extrapolation of the average
1995-2000 period rates from the high and low series. Total
fertility rates for the intermediate years were obtained by
graphical interpolation between the 1975 and 2000 levels.

FIGURE B-7.
Total Fertility Rates for the
Philippines: Estimated 1960 -70

FR and Projected 1970-2000
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Mortality. In all series, life expectancy at birth was assumed
to increase from 55.2 years to 66.0 years for males and from
60.9 years to 72.13 years for females between 1970 and 2000.
The life expectancies at birth for the year 2000 were esti-
mated by extrapolating the 1970 level for both sexes accord-
ing to the University of the Philippines Population Institute
assumption of an average annual increase of approximately
0.4 years (Boulier, 1977). The resulting life expectancy at
birth for both sexes in 2000 was split by the 1970 ratio of
male and female life expectancies to the 1970 life expec-
tancy for both sexes.

Migration. Estimated net international migration for the
1970-75 period was based primarily on data on immigrants
to the United States and Canada (U.S. Immigration and
Naturalization Service, 1971 and 1972, table 9; and Canada,
Manpower and Immigration, 1970, table 9). It was assumed
that the small ammint of immigration to the Philippines, as
exhibited by lifetime migration between 1965 and 1970
(National Census and Statistical Office, 1974b, table IV-11),
was offset by Philippine emigration to other countries.

No international migration was assumed to have occurred
during the 1976-2000 projection period.

54
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Major Sours=

Si:oilier, Bryan L. (Princeton University'. r) 7 7 . Personal
cojnmunication.

t
Bureau of Census and Statistics. 1972. National Summary,
Phillippkies 1970 Coma of Population and Housing. Ad.
vane Report. Manila.

Canada, V.4nr err and Immigration. 1970. 1970 Imntigre-
don Statisti%.4. Ottawa.

-Concepcion, Mercede(B. 1974. Changes in Period Fertility
as Gleaned from the 1973 NDS. Population Institute, Uni-
versity of the Philippines' Research Note No. 13. Manila.

&wade, Luisa T. 1974. Estimates of the Life Table Func-
tions of the Philippines: 1970. UNFPA-NCSO Populatic i
Research Project. Monograph No. 1. Manila. .

Flieger, Wilhelm. (University of San Carlos, Philippines).
1977. Personal communication.

National Cei aus and Str'stics Office. 1974a. Age and Sex
Population PrOjecvons :r,r the Philippines by Province:
19702000. UNFPA-NCSO Population Research Project.
Monograph No. 2. Manila.

1974b. Philippines 1970 Gems of. Population
and Housing. National Summary, Vol. 2. Manila.

U.S. Immigration and Naturalization Service. 1971. 1970
Annual Report. Washington, D.C.

1972. 1971 Annual Report. Washington, D.C.

THAILAND

Base Data

Base date: July 1, 1970

Population. The base population data were derived from the
April 1, 1970 census adjusted for 6.6 percent net under-
enumeration as estimated by a cohort analysis of the 1960
and 1970 censuses and accepting intercensal trends in fer-
tility and mortality.

Fertility level. Age-specific fertility rates for 1970 were de-
rived from an average of the 1968-69 and 1971.72 period
age-specific marital fertility rates, by urban and rural areas
reported in the Thai Longitudinal Study (Knodel and
Pitaktepsombati, 1975, table 10), and were weighted to a na
tional level by die proportion of females each age group
who were married and-living in urban and rural areas accord-
ing to the 1970 census (Nabors' Statistical Office, 1973,
table 5). The resulting pattern of fertility for 1970 eve', ad-
justed slightly for irregularities.

Morality level. Life tables , e'er constructed for 197,, *Amid
on levels of life expectancy et birth by sex and were esti-
mated by a graphic stable population technique and age-

sex patterns of mortality based on observed changes in mor-
tality patterns between 1964-65 and 1974-75 as shown in
1;fe tables from the Survey of Population Change (National
Statistical Office, no date, table 7, and 1976b, table 6),
adjusod by the logit technique (Brest and Coale, 1968, pp.
127-135).

Projections Assumptions

Fertility. The total fertility rate of 5.9 in 1970 was assumed
to have declined by the year 1976 to 5.1 in the high series,
4.9 in the medium series, and 4.7 in the low series. In the
high series, the 4976 rate was based on the assumption that
the rate of decline between 1975 and 1976 would be 75
percent of the average annual rate of det.:ine exhibited by the
1970 estimated rate and tile 1974.75 rate reported in the
Survey of Population Change (National Statistical Office,
1976b, table 4). In the low series, the rite for 1976 was
derived by taking into consideration the average' of the
1970-75 and 1£75-80 period total fertility rates (derived from
reported general fertility rates) from the National Statistical
Office (1976a, table 1), and results from the Survey of
Fertility in Thailend (Institute of Population Studies, Chula-

Iongkorn University, and Natibnal Statistical Office, 1977,
table 22). In the medium series, the rate for 1976 assumed an
acceleration of the, decline in the tes between 1964-65
(National Statistical Office, no date, table H) and 1970,
taking into consideration the average of the high and low
series for 1976.

FIGURE B-8.
Total Fertility Rates for Thailand:
Estimated 1960-70 and Projected
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The rates for 1976 ware assumed to have declined further
by the year 2000 to 3.9 in the high series, 3.1 in the medium
series, and 2.4 in the low series. In the high series, the rate
for.. the year 2000 was based on the assumption that the
1974-75 rate reported in the Survey of Population Change
(National Statistical Office, 1976b, table 4) would decline by
25 percent. The rate for the year 2000 in the medium series
was based on an average of the 1996-2000 and 2000-05
period total fertility rates (derived from reported general
fertility rates) from the National Statistical Office (1976a,
table 1) medium- and low-projection series. The rate for the
year 2000 in the low series was based ...-. the average of the
1995-2000 and 2000-05 period rates (derived from reported
general fertility rates) from the National Statistical Office
(1976a, table 1) low projection series.

MO

Mortality. In all s 'S expectancy at :..itei was assumed
to increase frorr. , .. s to 57.3 years 'tor males and from
59.5 years to 60.7 years for females between 1970 and 1976
based on estimated trends between the 1970 and 1974-75
life expectancies at birth, by sex. In all series, life expectancy
at birth was assumed to increase from the 1976 levels to 65.2II.

years For males and to 69.0 years for females by 2000. The
life expectancies at birth for the y.sar, 2000 were estimated
by extrapolating the 1975 estimates', level for both sexes by
the National Statistical Office (1976a, p. 2) assuming an
average annual increase of 0.33 years. The resulting levels
were then estimated by sex based on the 1974.75 life ex-
pectancies by sex.

Migration. No irrtemational migration was assumed to have
occurred during the projection period.

Major Sources

Brass, William, and Ansley J. Coale. 1968. Chapter III in
William Brass, et al., The Derm.graphy of Tropical Africa.
Princeton.

Inr,u e of Population Studies, Chulalongkorn University,
and National Statistical Office. 1977. The Survey of Fer-
tility in Thailand: Country-Report. Vol. I. Bangkok.

Knodel, John, and Pichit Pitaktepsombati. 1975. "Fertility
and Family Planning in Thailand: Results from Two Rounds
cf a National study " Studies in Family Planning. Vol. 6.
No. 11.

National Statistical Office. N.) date. Report of the Survey of
Population Change, 1964-65. Bangkok.

1973. 1970 Population and Housing Census.
Whole Kingdom. Bangkok.

1978a. Population Projection for Thailand,
1970-2000 (Whole Kingdom). Bangkok.

1976b. The Survey of Population Change:
1974-75. (Thai Version). Bangkok.

5h

SOUTH KOREA
BIN Data
Base date: July 1, 1970

Population. The base population data were from the Octo-
ber 1, 1970 census adjusted for 5.1 percent net underenum-
eration, and estimated at the midyear. The census wts ad-
justed based on the results of the 1970 Post-Enumeration
Survey, estimated sex ratios, and estimated births from
1960 to 1970.

Fertility level. Age-specific fertility rates for 1970 were based
on the results of the 1971 Fertility-Abortion Survey (Korean
Institute for Family Plannir-A, 1976, Appendix A).

Mortality level. Life tables were constructed for 1970 baled
on estimates of expectation of life at birth and the mortality
pattern in the 1966 life tables. These 1966 life tables were
derived from data from the 1966 Special Demographic Sur-
vey (Republic of Korea Economic Planning Board. 1970).
The estimates of life expectancy for 1970 were derived by
graphic extrapolation of life expectancies from the adjusted
1966 life tablet, taking into account estimates of life expec-
tancy for both sexes for 1970.

Projection Assumptions

Fertility. The total fertility rate of 4.5 in 1970 declined to
.4.4 in 1972, and was assumed to have declined by 1976 to
3.8 in the high seria., 3.6 'in the medium series, and 3.2 in

FIGURES-9.
Total Fertility Rates for South Korea:
Estimated 1960 -72 and Projected
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the low series. in the medium series the fertility rate for
1976 was based on the assumption that the average annual
decline in fertility between 1972 and 1976 was the same as
the decline obit -rverd between 1960 and 1966 (Korean In-
stitute for Full, Planning, 1978, Appendix A), a time of
rapidly declining fertility. The change during the 1960.66
period was chosen because there was some indication that
fertility began to decline rather rapidly after 1972. The
1976 rate for the high series was assumed to be 5 percent
higher than the rate for the medium series and the rate for
the low series was assumed to be 10 percent lower than the
rate for the medium series.

It was assumed that the 1976 rates would decline by the
year 2000 to 3.1 in the high series, 2.5 in the medium series,
and 2.1 in the low series. The high and medium levels were
chosen after considering past trends in fertility, and assump-
tions made by fhe East-West Population Institute (1977)
and the United Nations (1975) for their population pro-
jections. The fertility rate for the low series was based on the
assumption that a net reproduction rate of 1.00 would be
reached in the year 2000.

Mortality. In all series, life expectancy at birth was assumed
to increase from 62 years to 70 years for males and from 68
years to 74 years for females between 1970 and 2000. The
life expectancies at birth for the year 2000 were estimated
considering past trends in mortality, and projections made by
the United Nations (41975) and by the East-West Population
Institute (1977.

Migration. Estimated net international migration for the
1970-75 period was based primarily on data on immigrants
to the United States and Canada from the Republic of Korea
between 1970 and 1975-4U.S. Immigration and Naturaliza-
tion Service, various years, and Canada, Manpower and Immi-
gration, various years).

No internation migration was assumed tit have occurred
during the projection period.

Major Sources

Canada, Manpower and Immigration. Various years. Immigra-
tion StPliStiCi. Ottawa.

East-West Population Institute. 1977. Personal communica-
tit

Korean Institute for Family Planning. 1976. The Increasing
Utilization of Induced Abortion in Korea, by Sung-Bong
Hong and Walter B. Watson. Seoul.

Republic Korea Economic Planning Board. 1970. A Com-
prehensive Study on 1966 Population Census. ,Seoul.

United Nations. 1975. Selected World Demographic Indica-
tors by Countries, 1950.2000. ESA/PM/P.55. New York.

U.S. Immigration and Naturalization Service. Various years.
Annual Report. Washington, D.C.

ti 57

EGYPT

Base Data

Base Date: July 1, 1975

Population. The base population data were derived from the
preliminary count of the November 1976 census, and were
estimated for Jultri, 1975, based on registered births and
deaths, adjusted for underregistration (see below). Since only
a oreliminary.1976 census total was available; no attempt
was made to adjust for cover error. Because no age distri-
bution from the 1976 census wa available, the ale distribu-
iiin for 1975 from the United Nations medium variant

projections was accepted (United Nations, 1976) as the base-
year age distribution.

Fertility level. Age-specific fertility rates for 1975 were based
on the registered number of births for 1975, adjusted for a 2
percent underregistration, and an estimate of the female
population by age. Underregistration of births was estimated
considering the level of underregistration during the period
1956-60 as estimated by Valaoras (1972, p. 22) and the trend
of improvement- in registration as estimated by Acsadi and
Issa (19i. , p. 23). The age pattern of fertility was assumed
to be Orb( of 1973, the last year for which data on births by
age of mother are available.

Mortality level. A life table was constructed for 1975 based
on preliminary data on registered deaths for that year, ad-
justed for 4-percent underregistration. Underregistration of
deaths was estimated considering the levels and trends of
registration completeness as estimated by Valaoras (1972,
p. 22) and by Acsadi and Issa (1975, p. 23). The Coale-
Demeny north region model life table (Coale and Demeny,
1966) was found which, when applied to the 1975 estimated
age distribution, gave the correct number of deaths for ages
1 and over. An infant mortality rate was calculated from
an estimate of the number of infant deaths and adjusted reg-
istered births.

Projection Assumptions

Fertility. The total fertility rate of 5.8 in 1975 was assumed
to have declined by the year 2000 to 4.6 in the high series,
3.6 in the medium series, and 2.6 in die low series. In the
medium series, the rate for the year 2000 was based on the
ideal family size in Alexandria in the mid-1960's and in
Cairo in 1970 (Toppozada, 1973, p. 316, and Khalifa, 1973,
p. 431) adjusted downward 10 percent t' allow for infer-
tility end for an expected decline in the desired family size
as the actual level of fertility declines. The 3.6 figure is also
the same as that for 1995-2000 in the United Nations
medium-variant projections (United Nations, 1975). The rate
for the year 2000 in the high and low series was assumed
to be ± one child from that for the medium series. A large
range between the high and low series was chosen because of
the great uncertainty in future fertility trends in Egypt. The
large fertility decline that had been taking place in Egypt
since the onid1960's ended abruptly in 1972, and since then
fertility has been rising sharply. Although all three series
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assume this fertility rise will abate, they differ by how rapidly
it Is ',turned fertility will return to the 1972 levels.

`FIGURE 8-10.
Total Fertility Rates for Egypt:
Estimated 1966 -75 and Projected

F R 1975-2000
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Mortality. In ell series, life expectancy at birth was assumed
"-to increase from 5a.13Wirs to 62.5 years for males and from

54.9 years to 65.0 years for fernales between 1975 and 2000.
The life expectancies at birth for the year 2000 were esti-
mated considering past trends in mortality, mortality trends
in other countries of the region. United Nations projections,
and expected improvements in the social, 'economic, and

_ health sectors of the country.

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

Acsadi, G. and M.S. Ina. 1975. Considerations on Arabic
Model Life Tables and Egyptian Mortality. Cairo Demo-
graphic Centre Seminar on Mortality Trends and Differ-
entia in Some Arab and African Countries. Cairo.

Coale, Ansley J. and Paul Demeny. 1966. Regional Model
Life Tables and Stable Populations. Princeton University
Press, Princeton.

Khalif", Atef M. 1973. "A Proposed Explanation of the Fer-
tility Gap Differentials by Socio-Economic Status and Mod-
ernity: The Case of Egypt." Population Studies. Vol. 27,
No. 3. London.

5d

Toppozada, H.K. 1973. "Research in Family Planning in
Alexandria." In Egypt: Population Problems and Prospects,
edited by Abdel FL Omran. Carolina Population Center,
University of North Carolina at Chapel Hill.

United Nations. 1975. Selected WorktOemogre'hic Indica-
tors by Countries, 1950-2000. ESAMANP.55. New York.

1976. Per tion by Sere and Age for Regions
. and Countries, 195',-20 As Assessed in 1973: Medium

Variant., ESA/P/WP.60. New York.

Valaoras, V.G. 1972. Population Analysis of Egypt (1935-
70). Occasional Paper No. 1. Cairo Demographic Centre.
Cairo.

NIGERIA

Base Data

Base date: July 1,1975

Population. The base population data are from the United
Nations medium-variant projections of the population by age
eV sex for 1975 'United Nations, 1976b). The United
Niaions states that the total population estimate for 1975
is "based on results of the census of 5-8 November, 1973,
including adjustment for estimated overenumeration"
(United Nations, 1976a, table 3, note 31). The implied
net overenumeration can be calculated as approximately
19 percent.

Fertility level. The total fertility rate for 1975 is an average
of the 1970-75 and 1975-80 period rates from the United
Nations medium-variant projections (United Nations, 1975,
p. 55). The age pattern .of fertility for 1975 was taken ,;Om
the United, Nations model age pattern of fertility for the
African region at an equivalentfertility level (United Nations,
1977b, pp. 7-11 and United Nations, 1976).

Mortality level. The life expectancy by sex in 1975 is an
average of the 1970-75 and 1975-80 United Nations medium-
projection series, (United Nations, 1975). Coale-Demeny
south region model life tables (Coale and Demeny, 1966)
at an equivalent level of life expectancy, by sex, were used
to obtain the pattern of mortality.

Projection Assumptions

Fertility. The total fertility rate of 6.7 in 1975 was assumed
to decline by the year 2000 to 6.4 in the high series, 5.9 in
the medium series, and 5.0 in the low series. The trends in
the fertility rates between 1975 and 2000 are approximately
those implied by trends in the total fertility rate between
the 197075 and 1995-2000 periods in the United Nations
high, medium, and low projections series, respectively
(United Nations, 1975).
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FIGURE 8.11.
Total Ford9ty Ratai for N19811,'
EatImatod 1980-75 and Pro jested

TFR 1975.2000
8.

7.

e.

5.

4.

3.

2.

1.

r

I

r

i ,
46,.. al....,,

S.
Loe:Nel

) .

I'

/

. .

/

I I I I J

1950 1980 1970 1980 1990 2000
Year

Mortality. in all series, life expectancy at birth was assumed
to increase from 41 years to 53 years for males and from 44
years to 57 years for females between 1375 and 2000. The
life expectancies in all series are those assumed by the United
Nations in the medium-variant projection (United Nations,
1975).

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

Coale, Ansley J. and Paul Demon. 1966. Regional Model
Life Tables and Stable Populations. Princeton Unive.sity
Press, Princeton.

Jnited Nations. 1975. Selected World Demographic Indica-
tors by Counties, 19504C40. ESA/P/WP.55. New York.

1978. Paper containing model age patterns of
fertility (age-specific fertility rates) for given levels of
pros reproduction rates by regions of the world. Computer
printouts, unpublished.

. United Nations. 197811. Demographic Yearbook
1975. New York.

. 1976b. Population by See and Age for Regions
and Countries, 191104000, as Assessed In 1973: Medium
Variant. ESA/P/WP.110 P-vi York.

9

1977a. United Nations Projections as Assessed
in 1973. Selected Indicators. (Revised) Computer printout,
unpublished.

1977b. World Population as Assessed in 1973.
Population Studies, No. 60. New York.

BRAZIL

Base Data

Base date: July 1, 1970

Population. The July 1, 1970 population is derived from the
September 1, 1970 census population (Brazil Department°
de Censor, 1973, table 1). The 1970 census population was
adjusted by a cohort analysis of the 1950, 1960, and 1970
censuses, by age and sex, and by assuming certain trends of
the sex ratios in each age cohort during the intercensal per-
iods. The 1970 adjusted census population was estimated for
July 1, 1970 using an estimated growth rate for 1970, based
on preliminary estimates of crude birth and death rates and
assuming no net migration.

Fertility level. Age-specific fertility rates for 1970 were
derived by applying Arriaga and Anderson's fertility esti-
mation method ( Arriaga and Anderson, 1976) to children
ever born data from the 194U, 1950, and 1980 censuses ad-
justed by Carmen Minx (1975, table 5), and children ever
born data from the final results of the 1970 census (Brazil
Departamento de Censos, 1973, tables 28 and 31).

Mortality level. Life expectancies at birth for 1970 were esti-
mated to be 59.2 years for males and 62.8 years for females
using Irwin and Madeira's intercensal life tables for the 1960
to 1970 period (1972, p. 709) anri past trends in life ex-
pectancies at birth ( Arriaga, 1968, p. 42). The 1970 age
patterns of mortality were constructed assuming that the
pattern of change in the age-specific mortality probabilities
between the Irwin and Madeira 1960 to 1970 intercensal
,life tables and the 1970 estimated life expectancies were the
same as those implied by the Coale-Demeny south region
model life tables (Coale and Demeny, Me) at similar levels
of mortality.

Projection Assumptions

Fertility. The total fertility rate of 5.8 in 1970 was assumed
to have declined by the year 20f..) to 5.0 in the high series,
4.0 in the medium series, and 3.5 in the low series. The
rates in 2000 for the high, medium, and low series were
estimated after considering °rifle, population projections
(Brazil ME, 1974, p. 125). The pt.,-%ulation policy in Brazil
has been essentially pronatalist. There tias been, however,
some acknowledgment of the "... responsibility to provide
information and means of family planning to all Brazilians
who voluntarily choose to plan their families" (UNFPA,
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'1975. P. 55). Therefore, it has been assumed that fertility
In Brazil will not decline as rapidly as in those Latin American
countries where family planning receives active support.

FIGURE B-12.
Total Fertility Rates for Brasil:
Estimated 1960-70 and Projected

TFR 1970.2000
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Mortality. In all series. life expectancy at birth was assumed
to increase from 59.2 years to 68.2 years for males arid Mini
62.8 years to 71.8 years for females between 1970 and 2000.
The life expectancies at birth for the year 2000 were graph-
ically extrapolated based on past trends in mortality as
evaluated by Arriaga for 1950 and 1980 (196,.p. 42),
and Irwin and Madeira for the 1960 to 1970 period (1972,
p. 709).

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

AMU, Carmen. 1975. Fertility Estimates Derived from In-
formation on Children Ever Born Using Data from Suaces-
she Censuses. University of North Carolina. Chapel Hill.

Arriage, Eduirdo E. 1968. New Life Tables for Latin Amer-
ican Populations in the Nineteenth and Twentieth Cen-
turies. Population Monograph Series, No. 3. University of
California.

Ards*, Eduardo E. and Patricia Anderson. 1978. "An
Approach for Estimating Fertility from Census and /or
Survey Information on Children Ever Born by Age of

Mother." Paper presented at the annual meeting of the Pop-
ulation Association of America, Montreal. Unpublished.

Brazil Departmento de Censos. 1973. Conn) Deinogrifico
Brasil. VIII Recenseamento General-1970. Serie Nacional.
Voi. 1. Rio de Janke.

Brazil IBGE, 1974.

Bratil IBGE. 1974. Encontro B'rasileiro de Estudos Popula-
cionali Resumes ale Communicatoes. Guanabara.

Coale, Ansley J., and Paul Demeny. 1966. Regional Model
Life Tables and Stable Populations. Princeton University.
Princeton.

Irwin, Richard and Joan L. Madeira. 1972. "%duck de
Uma rebus de Vida atraves de Analise Demogrbfica Brasil,
1980/70." Revista Brasileira de Estatlstica. Ano XXX II!,
No. 132. Rio de Janeiro.

United Nations Fund ror Population Activities (UNFPA).
1975. Inventory of Population Projects in Developing
Countries Around the World: 1973/74. New York.

MEXICO

Bale Data

Ban date: 'July 1, 1970

Population. The July 1, 1970 population is based on the
January 28,"1970 census population (Mexico Direccifin Gen-
eral de Estadfstica, 1972, table 5), and was adjusted by a
cohort analyais of the 1950,1980, and 1970 censuses, by age

, and sex, using registered births and deaths adjusted for under-
registration (U.S., Bureau of the Census, 1978, tables 1, 2,
ind a). The 1970 adjusted census population was advanced
to July 1 1970 using registered births and deaths for 1970
end adjusted for underregistration and estimated net emigra-
tion, bested primarily on the reported number of immigrants
frgm Mextcninto the United States and Canada during 1970
(U.S. Immigration and Naturalization Service, 1971, table 9
and Canada Department of Manpower and Immigration,
1971, teble.9).

,Fertility level. Age-specific fertility rates were calculated
from births registered in 1970 and adjusted for a 3-percent
underregistratfon and from the 1970 census female popula-
tion adjusted for underenumeration (U.S. Bureau of the
Census, 1979, table 2).

Mortality level. A life table was constructed for the 1989-71
period using age-sex specific death rates derived from weighted
averages of registered deaths for 1989, 1970, and 1971 (ad-
justed for underregistration) and the adjusted census popula-
tion (U.S. &ireau of the Census, 1979, table 2).

60
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Orolection Assumptions

Fardlity.*The total fertility rate of 6.7 in 1970 was assumed
to have declined by the year 2000 to 4.7 in the high series,
4.0 in the medium series, and 3.0 in the low series. The high
and medium series for 2000 were derived by considering the
United Nations medium- and low-variant projections, respec-
tively (United Nations, 1975, p. 78). The rate in 2000 for
the low series was assumed to be one child smaller than the
rate for the medium series. The rates for the intermediate
years were obtained by graphic interpolation.

Although data for registered births are available through
1976, the quality of the registration system in recent years
is suspect. However, registered data through 1976, adjusted
for underregistration, were considered in making the pro-
lectkrs

FIGURE 13-13.
Total Fertility Rates for Mexico:
Estimated 1960-70 and Projected

TFR 1970-2000
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Mortality. In all series, life expectancy at birth was assumed
to increase from 68.8 years to 89.0 veers for males and from
62.8 years to 72.7 years for females between 1969.71 and
2000. The life expectancies at birth for the years 2000 were
estimated considering past trends in mortality and United
Nations mortality projections (United Nations. 1975,
Life expectancies at birth for 1971 through 1976 were pro-
jicted considering registered deaths adjusted for 3 percent
underegistration.

Migration. Annual estimates of net migration from 1970
to 1975 were based primarily on the reported number of
immigrants into the United States and Canada by age and sex

(U.S. Immigration and Naturalization Service, various years,
and Canada Department of Manpower and Immigration,
various yews).

No international migration was assumed to have occurred
during the period from 1975 to 2000.

Major Sources

Canada Deoartment of Manpower and Immigration. Various
years. Immigration Statistics. Ottawa.

Mexico Direccion General de Estad(stica. 1972. IX Canso
General de Pobelci6n, 28 de Enero de 1870: Resumen
General. Mexico City.

United Nations. 1975. Selected World Demographic Indica-
tors by Countries, 1950-2000. ESA/P/WP.55. New York.

U.S. Bureau of the Census. 1979. Country Demographic
ProfilesMexico, forth'coming.

U.S. Immigratior. and Naturalization Service. Various years.
Annual Report of the Immigration and Naturalization Ser-
vice. U.S. Government Printing Office. Washington,' D.C.

TEMPERATE SOUTH AMERICA

Component projections were prepared for the United Nations
subregion of Temperate South America? Unlike the rest of
Latin America which was considered less developed by the
United N; tions, Temperate South America was classified as

A more developed region at the time this report was prepared
(United Nations, 1977, p. 2) and the projection assumptions
correspondingly reflected its "more developed status."

Base Data

Base date: July 1, 1975

Population. The base population data were from the United
Nations medium-variant projectiuns for 1975 (Unted
Nations, 1976b).

Fertility level. Total fertility rates of 3.2 for the high series,
and 3.1 for the medium and low series in 1975 were suggested
by the United Nations high, medium, and low projections for
the region (United Nations, 1975) and recent fertility data
for the countries of the region.

The age patterns of fertility for 1975 are from the United
Nations model age patterns of fertility for the Latin America
region (United Nations, i977, pp. 7-11 and United Nations
1976a).

Mortality level. The United Nations estimates from the
medium variant for life expectancies, by sex, for the 1970-75
and 1975-80 periods were averaged and the averages were

2
Temperate South America consists of the countr.s. of Argentina,

Chili, Uruguay, and the Falkland Islands (United Natio-is, 1977,
p.

61
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uisd as the life expectincies, by sex, for 1975 (United Na-
tions, 1975). Coale-Demeny west region -model life tables
(Coale and Demeny, 1966) at an equivalent level of life
expectancy were assumed to adequately represent the pat-
tern of mortality.,

Projection Assumptions

Fertility. The total fertility rate of 3.2 in 1975 was assumed
to have declined by the year 2000 to 3.0 in the high series,
from 3.1 in 1975 to 2.5 by the year 2000 in the medium ser-
ies, and from 3.1 in 1975 to 2.0 by the year 2000 in the low
series. The rates in the medium and low series by the year
2000 are approximately those implied by the trend between
1970-75 and 1995-2000 in the United Nations medium find
low variants (United Nations, 1975). The estimated total
fertility rate of 3.0 in the high series by the year 2000 in
this report is slightly higher than the United Nations high
variant total fertility rate of 2.8 by 2000 (United Nations,
1975)

FIGURE 8 -14.
Total Fertility Rates for Temperate
South America: Estimated 1960-70

TFR and Projected 1970-2000
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Mortality. In all series, life expectancy at birth was assumed
to increase from 64 years to 68 years for males and from 70
years to 74 years for females between 1975 and 2000. The
life expectancies in all series are those assumrd by the
United Nations in the medium-variant projections (United
Nations, 1975). The period values in the United Nations
series for the life expectancies, by sex, for the 1970-75 and
1975.80 periods were averaged and the resulting values

assumed to apply to 1975 and so on to the 1996-2000 per-
iod 'which was extrapolated to estimate values for the year
2000.

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

Coale, Ansley J. and Paul Demeny. 1966. Regional Modal
Life Tablas and Stable Populations. Princeton University
Press, Princeton.

United Nations. 119764 . Paper containing model age pat-
terns of 'futility (age-specific fertility rates) Or given levels
of gross reproduction rates by 'regions of the world. Com-
puter printout-unpublished.

. 1976b. Population By Sex and Age For Re-
gions' and Countries, 19604000, As Assessed In 1973:
Medium Variant ESA/P/WP.60. New York.

1977. World PopulatioR as Assessed in 1973.
Population Studies, No. 60. New York.

,NORTHERN AMERICA

Canada, Bermuda, Greenland, St. Pierre and Miguel°, , and
the United States comprise the United Nations region
"Northern America" (United Nations, 1977b, table 28).
Component population projection series were prepared for
both Canada, including the population of Bermuda, Green-
land, and St. Pierre and Miquelon, and the United States.

Fertility and mortality base ditto for Canada including
Bermuda, Greenland, and St. Pierre and Miquelon were
estimated on the basis of official Canadian data. Since
Canada's population is over 99 percent of the combined
population of these areas, separate assumptions for the
three smaller areas would not significantly affect the assump-
tion that the combined population could be projected using
Canadian fertility and mortality data.

CANADA
(including Bermuda, Greenland, and St. Pierre and Miquelon)
Base Data
Base date: July 1, 1975

Population. The base population data were from the official
1975 midyear population estimate of Canada (United Nations
Statistical Office, 1977). Total population estimates for
Bermuda, Greenland, and St. Pierre and Miquelon for midyear
1975 (U.S. Bureau of the Census current estimates) were
added to the 1975 total for Canada.3 The total populations

3Tota1 population estimates, midyear 1975, an is follows:

Country or area

Canada
Bermuda
Greenland
St. Pierre and Miquelon

62

Population

22,791000
59,719

- 50,047
5,983
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of these three arets,were distributed by age and sex in the
same proportions as the age-sex distribution of Canada.

Fertility level. The total fertility rate for 1975 was estimated
by considering the provisional 1975 official Canadian esti-
mate of total births (United Nations, 1977a) and the latest
available official fertility rates for Canada for 1972 through
1974 (1972 and 1973 data from United Nations, 1976,
table 24; 1974 data from United Nations Statistical Office,
1977).

The age pattern of fertility for 1975 was the average
pattern of the 1972 through 1974 reported age-specific fer-
tility rates. ,

Mortality level. Life tables for 1975 were estimated based on
life expectancies at birth and age-sex patterns of mortality
for 1975 as shown in official Canadian population projec-
tions (Statistics Canada, 1974, tables 3.2 and 3.3).

' Projection Assumptione

Fertility. The total fertility rate in 1975 was assumed to have
increased to 2.5 by the year 1985 and remained constant at

-
4 Ferteloy and mortalry assumptions were prepared for Canada,

Bermuda, Greenland, and St. Pierre and Miquelon on the basis of pro
jected trends shown, in official Capadwn projections maiming that
these trends are generally applicable to all areas covered in this pro-
jection set.

FIGURE B-15.
Total Fertility Rates for Canada:
Estimated 1960-75 and Projected

TFR 1975-2000
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the 2.5 level to the year 2000 in the high series. In the
medium series, the 1975 TFR was assumed to have increased
to 2.1 by 1984 and remained constant at that level to the
year 2000. In the low series, the 1975 TFR was assTimed to
have declined to 1.7 in 1981 and remained constant to 2000.
These fertility rates in the year 2000 are approximately con-
sistent with the high, medium, and low fertility projections
of the official Canadian projections (Statistics Canada, 1974,
table 6.1).

Mortality. In all series, life expectancy at biro was assumed

to increase from 69.6 years to 70.2 years for males between
1975 and 1986 and then held constant at the 1986 level to
the year 2000. In all series, life expectancy at birth was
assumed to increase from 76.7 years to 78.4 years for fe-
males between 1975 and 1986 and then held constant at the
19b1 level to the year 2000. The levels of life expectancies
in the year 1986 and the patterns of change in these pro-
jections are the same as the levels and patterns in Canada's
official projections (Statistics Canada, 1974, table 3.3).

Migration, No international migration was assumed to have
occurred during the projection period.

Major Sources

Statistics Canada. 1974. Populatior Projections for Canada
and the Provinc-es, 1972-2001. Ottawa.

United Nations. 1976. Demographic Yearbook 1975. New
York.

. 1977a. Population and Vital Statistics Report.
Quarterly, April 1. New York.

1977b. World Population Prospects as Assessed
in 1973. Population Studies, No. 60. New York.

United Nations Statistical Office. 1977. Personal communica-
tion.

UNITED STATES

Component, populatior projections for the United States
were prepared in the Population Division, U.S. Bureau of
the Census. The projection series used in this report assume
no net immigratibn between 1975 and 2000. The high and
low series are from unpublished computer printouts pre-
pared especially for this report. Population projections for
the medium series (Series II-X) and a discussion of the
methodology and assumptions used in preparing the pro-

s
1W.A:SW.11a COI C ...V.110111G4 ; I , .

U.S. Bureau of the Census, 1977, "Projections of the Popu-
lation of the United States: 1977 to 2050," Current Popula-
tion Reports, Series P-25, No 704, Washington, D.C.
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FIGURE 8-16.
Total Fertility Rates for the United
States: Estimated 1960-75 and

T F R Projected 1975-2000
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JAPAN

Bus Dots

Bass date: July 1, 1975

Population. Th3 bus population data were derived from the
official midyear total population estimate for 1975 (United
Nations Statistical Office, 1977) which is based on the popu-
lation census of October 1, 1975. The 1975 censui age-sex
distribution (Bureau of Statistics, 1976, table 1) was assumed
to apply to the midyear total population estimate.

Fertility level. The 1975 total fertility rate and the corre-
sponding age-specific fertility rates are the off ical rates as
reported to the United Nations Statistics Dffice (19771.

Mortality level. Offical life tables le- the period April 1,1974
to March 31, 1975 were used for 1975,(Institute of Popu-
lation Problems, 1976, table 1).

Projection Assumptions

Fertility. The total fertility rate of 1.9 in 1975 was assumed
to have increased to 2.3 by 1986 and to have remained at
that Wei through the year 2000 in the high series. In the
medium win, the total fertility rate of 1.9 in 1975 was

assumed to have increased to 2.2 in 1985 and then to de-
crease from the 2.2 level to 2.1 in the year 2000. In the
low series, the 1976 rate of 1.9 was assumed to have in
creased to 2..0 by 1985 and then to decrease to 1.8 by the
year 2000. These fertility assumptions for the years 1986 ,

aind 2000 are the assumptions shown in the official popula-
tion projections of Japan (Institute of Population Problems,
1975, table 5).

FIGURE B-17.
Total Fertility Rates for Japan:
Estimated 1960-75 and Projected

7FR 1975-2000
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Mortality. In all series, life expectancy at birth for males
was assumed to increase from 71 years to 73 years between
1975 and 1985 and then hold constant at the 1985 level
to the year 2000. In all series, life expectancy at birth for
females was assumed to increase from 76 years to 78 years
between 1975 and 1985 and was then held constant at the
1985 level to the year 2000. The levels of life expectancies in
the year 1985 and the patterns of change in these projections
are the same as the levels and patterns in Japan's official
projections (Institute of Population Problems, 1975, pp. 40
and 48).

Migration. No international migration was assumed to have
occurred during the projection period.

Majt,1! Sources

Bureau of Statistics. 1976. 1975 Population Census of Japan:
Prompt Report of the Basic Findings. Tokyo.

Institute of Population Problems. 1975.. "Population Pro-
jections for Japan, -1970-2060. Estimated in February
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1975s" by Tatsuya Itoh and Chizuko Yamamoto. The
Journal of Population Problems. No. 135, pp. 3948. Tokyo.

1976. The 29th Abridged Life Tables (April 1,
1974- March 31, 19751. Research Series, No. 212. Tokyo.

United Nations Statistical Office. 1977. Personal communi-
cation.

AUSTRALIA
Base Data

Base date: July 1, 1975

Population. The base population data were derived from the
1975 total °population estimate from officio. projections ex-
clusive of net migration after June 30, 1070 (Australian
Bureau of Statistics, 1973, p. 145). The base of the official
projections was the 1966 census and preliminary results of
the 1971 census.s

Fertility level. The 1970 total fertility rate of 2.85 used in
the official Australian projections for the period 1972
through 2000 (medium projection) was used in this report
as the rate for 1975 for the medium projection (Australian
Bureau of Statistics, 1973, pp. 144 and 168).

, The estimated rates for 1975 in the high and low series
are 0.02 points higher and -lower than the medium series
1975 rate.

The age pattern of fertility for 1975 in all series is repre-
sented by the official age-specific fertility rates which corre-
sp9nd to the 1970 total fertility rate (Australian Bureau of
Statistics, 1973, p. 168).

Mortality level. Official empirical life tables, based on the
average agespecific mortality rates in the 3 years from 1965
dirough 1967, were assumed to apply to 1975 in the high,
medium, and low projections in this report. (Australian
-Bureau of Statistics, 1973, pp. 144 and 181).

Projection Assumptions

Fertility. the total fertility rate of 2.87 in 1975 was assumed
to have increased to 3.31 in the year 2000 in the high series.
In the medium series, the 1975 rate of 2.85 was assumed to
remain constant throughout the projection period 1975
through 2000 at the 1975 level, while in the low series, the
1976 rata of 2.83 was assumed to decline to 2.39 by the

SEillunla from official Australian population projections for the
year 1 75 including and excluding estimated net international migra-
tion are as follows:

Assumptions
Excluding estimates of net
irdemetionel migration

Including Oftknatss of net
International migration at
19N-70 levels

1975 Population

13,282000

year 2000. The mediuM series constant fertility assumption
is the projection of fertility shown in the Australian official
projections for the period 1972-2000 (Australian Bureau of
Statistics, 1973, p. 144). The low series follows the trend of
fertility in the United Nations meditim-projection series
throughout the projection period, 1970-75 Ittroti9h 1985-
2000 (United Nations, 1977). The high series showi a trend
in the fertility rate which is the same distance above the con-
stant fertility line as the distance which the low series fer-
tility rates are below the constant fertility line.

FIGURE B-18.
Total Fertility Rates for Australia:
Estimated 1960-72 and Projected
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Mortality. In all series, life expectancy at birth was assumed
to remain constant at the level assumed for 1975, 68 years
for males and 74 years for females (Australian Bureau of
Statistics, 1973, pp. 144 and 181). This is -the same assump-
tion made in the official projections.

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

Australian Bureau of Statistics. 1973. Official Year Book of
Australia. No. 59. Canberra.

United Nations. 1975. SelectedWorld Demogrephic Indlca-
13,734,000 tors by Countries, 1960.2000. ESA/P/WP.55. New York

5-
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NEW ZEALAND

Baas Data

Oise date: July 1,1975

Population. The base population data were derived from
the March 31, 1975 total population estimate (Department
of Statistics, 1977, p. 6). The age-sex distribution of the esti-
mated March 23, 1976 population (Department of Statistics,
1977, p. 8) was assumed to apply to the 1975 total popula-
tion estimate.

Fertility level. The '1975 total- fertility rate is based on an
extrapolation of the 1962 through 1974 trend of the offi-
cially estimated fertility. The age pattern of fertility for
1975 is represented by the official age-specific fertility rates
which correspond to the reported 1974 rate (United Nations,
1976, table 24).

Mortality level. Empirical life tables were derived based on
the average age-specific mortality rates in the years 1970.72
(United Nations, 1974, table 6 and 1975, table 25).

Projection Assumptions

Fertility. The assumptions for the low series followed
generally the assumptions in the New Zealand official pro-
jections for 1975.2006 (Department of Statistics, 1977,
p. 6). In the low series, the trend of rates for 1962 through
1974 was extended to 1980 with the 1975 rate of 2.5 de-

FIGURE B-19.
Total Fertility Rates for New
Zealand: Estimated 1960 -75 and

TFR Projected 1975-2000
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dining to 2.0 by the year 2000. The medium and high
series rates were then derived relative to the low projection
using less extreme declines in the medium series and a slight
increase in the high series. The rate in the medium series
shows a decline from the 1975 level of 2.5 to 2.2 in the year
2000. The high series shows a slight increase in the 1975
level of 2.5 to a rate of 2.6 by the year 2000.

Mortality. In all series, life expectancy at birth was assumed
to remain constant at the level assumed for 1975, 68 years
for males and 75 years for females (Department of Statistics,
1977, p. 6 and United Nations, 1974, table 6 and 1975,
table 25. The same assumption of constant mortality at
these levels was made in the official projections.

Migration. No international migration was assumed to Arm
occurred during the projection period.

Major Sources

Department of Statistics. 1977. Monthly Abstract of Sta-
tistics. June. Wellington.

United Nations. 1974. Demographic Yearbook 1973. New
York.

. 1975. Demographic Yearbook 1974. New York.

. 1976. Demographic Yearbook 1975. New York.

EASTERN AND WESTERN EUROPE

Base Data

Base date: July 1, 1975

Population. The regions of Eastern and Western Europe in
this report comprise 8 countries and 27 countries, respec-
tively. The 1975.base total population estimates for these
projections were the 1975 official population estimates of
the individual countries of Europe (United Nations, various
dates) aggregated to totals for Eastern and Western Europe.
The 1975 age-sex distributions from the United Nations
medium-variant projections for European regions (United
Nations, 1976b) were redefined to correspond to. the regions
Eastern and Western Europe as designated in these pro-
jections.6 The resulting 1975 age-sex distributions were
adjusted considering recent trends in vital statistics in these
count ries.

`The United Nations allocated countries to rsgions on a geo-
graphical bells. The allocation in these projections of European
countries to the regions of Eastern and Western Europe followed
generally the United Nations pattern except el noted below:

1. Albania and Yugoslavia were added to the United Nations
Eastern European region and designated "Eastern Eur'pe" for
these projections.

2. The following aggregation was designated 'Western Europe"
in these projections: la) United Nations regions of Southern Europe
excluding Albania and Yugoslavia and including Andorra, Gibraltar,
and San Merino; United Nations region Northern Europe in-
cluding the Channel end Faeroe Islands and the Isle of Man; and
(c) the United Nations region Western Europe including Liechtenstein
and Monaco.

Vb
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Fertility. The 1975 total fertility rates for Eastern and
Western Europe were weighted averages of the most recent
officially reported fertility rates (Princeton University,
1977). The age patterns of fertility for 1975 are from the
United Nations model age patterns of fertility for appro-
priate regions at equivalent levels of fertiiitY (United Nations,
1977, pp. 7-11 and United Nations, 1978a).

1

Mortality !mils. The United Nations life expectancies for
tho 1970-75 and 197560 periods for the countries of Europe
from the medium variant were averaged and the averages,
weighted by the populations of the appropriate countries of
Eastern and Western Europe, were used as the life expec-
tancies for 1975 (United Nations, 1975). Coale-Demeny
west region model life tables (Coale and Demeny, 1966) at
an equivalent level of life expectancy, by sex, were used to
represent the pattern of mortality.

Projection Assumptions

Fertility. The total fertility rate in Eastern Europe of 2.3
in 1975 was assumed to have increased by the year 2000
to 2.7 in the high series, was held constant to the year
2000 at the 1975 level in the medium series, and was as-
sumed to have declined by the year 2000 to 1.9 in-the low
series. The rates in the year 2000 are those assumed by
the Foreign Demographic Analysis Division, U.S. Bureau
of the Census (U.S. Department of Commeri06) and
are generally based on official projections o untnes
of Eastern Europe.

FIGURE B-20.
Total Fertility Rates for Eastern
Europe: Estimated 1960.75 and

TFR Projected 1975-2000
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The total fertility rate in Western Eurnpe of 2.0 in 1975
was assumed to have increased to 2.4 by the year 2000 in the
high series, 2.2'in the medium series, and to have decreased
slightly below 2.0 in the tow series. The rates in the year
2000 and for the intervening years generally follow the trend
of the fertility rate in the countries of Western Europe in the
U.N. projections (United Nations, 1975). The United Nations
fertility assumptions were based generally on official pro-
jections of the individual countries of Euroa\_,

FIGURE B-21.
Total Feitility Rates for Western
Europe: Estimated 1960-75 and

TFR Projected 1975-2000
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Mortality. In all series, life expectancy at birth for Eastern
Europe was assumed to increase from 67 years to 71 years
for males and from 72 years to 75 years for females between
1975 and 2000. In Western Europe, the increase in the same
time period' was assumed to be from 69 years to 72 years for
males and frorin 75 years to 77 years for females. The life
expectancies in all series are those assumed for European
countries by the United Nations in the mediUm-variant
projections (United Nations, 1975).

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

Coale, Ansley J. and Paul Demeny. 1966. Regional Model
Life Tables and Stable Populations. Princeton University
Press, Princeton.

Princeton University, Office of Population Research. Popu
lotion Index. 1977. Vol. 43, No. 2. Princeton.
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United Nations. Various dates. Population and Vital Statis-
tics Report. Quarterly. New York.

1975. Selected World Demographic Indicators
By Countries, 1950-2080. ESA/P/WP/.55..New York.

. 1976a. Paper containing model age patterns of
fertility (age-specific fertility rates) for given I wets of gross
reproduction rates by regions of the world. Computer
printout, unpublished.

, 1976b. Population By Sex and Age For Regions
and Countries, 1950.2800, As Assessed In 1973: Medium
Variant. ESA/P/WP.60. New York.

. 1,977. World Population Prospects as Assessed
in 1973. Population Studies, No. 60. New.York.

U.S. Department of Commerce, Foreign Demographic
Analysis Division. 1976. Projections of the Populations of
the Communist Countries of Eastern Europe, by Age and
Sex: 1975 to 2000, by Godfrey Raldwin. P-91, No. 25.
Washington, D.C.

REMAINDER OF CONTINENTS

Component-projections were prepared for the "remainder"
of continents, excluding the countries for which individual
projections were made. Therefore, projections were made
for the remainder of Africa (excluding Egypt and Nigeria),
of Latin America (excluding Brazil, Mexico, and Temperate
South America), and for the remainder of Asia and Oceania
combined (excluding the developed countries of Oceania
and the selected Asian countries studied in this report).

Base Data

Base date: July 1, 1975
Population. Estimates of ba:..f-year populations for the
three remainders of continents were made as follows: (1)
medium-variant U N. projections for 1975 (United Natio?s,
1976b) were used to determine an age-sex distribution ftor
a particular "remainder" by subtracting from the conti-
nental population, the populations of countries in that con-
tinent for which separate projections are provided in this
report, and (2) the age-sex distribution pattern of the y.N
remainder population was applied to a more recent Census
Bureau estimate of the aggregate remainder population
(U.S. Bureau of the Census, 1976).

Fertility level. Three levels of the 1975 total fertility rates
for each of the three remainders of continents were derived
from the estimated fertility rates for appropriate countries
in the United Nations high, medium, and low variants,
respectively (United Nations, 1975) weighted by 1975
United Nations population estimates.7

Age-specific rates for 1975 were derived from U.N. model
age patterns for appropriate regions at equivalent levels of

'Adjustments were' made for the "Remainder of Latin America"
on the basis of recant fertility data for Colombia.

fertility (United Nations, 1977, pp. 7.11 and United Nations,
1976a).

Mortality levels. For the base-year life expectancy, the
United Nations medium-variant projections of life expec-
tancies for the 1970.75 and 1975.80 periods, for individual
countries appropriate to each remainder of continent, were
averaged and weighted by the populations as shown in the
United Nations medium variant (United Nations, 1975).
Coale-Demeny south region model life tables (Coale and
Demeny, 1966) at an 'equivalent level of 'life expectancy,
by sex, were assumed to represent the pattern of mortality.

Projection Assumptions

Fertility. The assumed total fertility rates for the three
remainders of continents for the year 1975 and 2000 are
as follows:

66

Area

Remainder of Africa

Remainder of Asia
and Oceania

Remainder of Latin
America

Series

Total fertility rate
(per woman)

1975 2000
High 6.4 5.6
Medium 6.3 5.0
Low 6.3 4.0

High 5.6 42
Medium 5.4 3.6
Low 5.3 3.2

High 5.2 43
Medium 5.1 3.4
Low 5.0 2.5

FIGURE 8-22.
Total Fertility Rates for Remainder
of Africa: Estimated 1970 and

TFR Projected 1970-2000
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The fertility rates in the year 2000 and for intervening
years between 1975 and 2000 are approximately those im-
plied by trends in the total fertility rate for the appropriate
countries between the 1970-75 and 1995.2000 periods in
the United Nations high, medium-, and low-projection
series (United Nations, 1975).

Mortality. The assumed life expectancies at birth for the
three remainders of continents for the years 1975 and 2000
are as follows:

Area Sex

Life expectancy at
birth (in years)

1975 2000

Remainder of Africa . Male 44 56
7emale 48 59

Remainder of Asia Male 47 59
and Oceania . . . Female 49 62

Remainder of Latin Male 58 69
America Female 61 72

.The mortality assumption is the same for the high,
medium, and low series for all three remainders.

The life expectancies used in this report are those assumed
for the appropriate countries by the United Nations in the
medium-variant projections (United Nations, 1375). The
pesiod values foi the intervening years are approximately
those implied by trends in "the life expectancy between the
1970-75 and 1995-2000.

FIGURE B-23.
Total Fertility Rates for Remainder
of Asia and Oceania: Projected

TFR 1970-2000
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Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

Coale, Ansley J. and Paul Demeny. 1966. Regional Model
Life Tables and Stable Populations. Princeton University
Press, Princeton.

United Nations. 1975. Selected Wond Demographic Indi-
cators By Countries, 1950-2000. ESA/P/WP.55. New
York.

t,
1976a. Paper co:itaining modt.I age patterns of

fertility (age-specific fertility rates) for given ;eveis of gross
reproduction rates by regi ms of the world. Computer
printout, unpublished.

1976b. Populat'on -By Sex and Age For Regions
and Countries, 19502000, As Assessed In 1373: Medium
Variant. ESA/P/WP.60. New York.

. 1977. Worlo PI yulation Prospects as Assessed
in 1973. Populatior; Stuales No. 60. New York.

U.S. Bureau of the Census, Interns. anal Statistical Programs
Center. 1976. World Population: 1975.Recent Demographic
Estimates for the Count :ids and Regions of the Wurld.
ISP-WP-75. Washington, D.C.

FIGURE B-24.
Total Fertility Rates for Remainder
of Latin America: Estimated 1970

TFR and Projected 1970-2000
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UNITED STATES DEPARTMENT OF COMMERCE
Bureau of the Census
washingtoil, D.C. 202334

December 15, 1977 Editor's note: This memorandum was provided to the Global 2000 Study Director
by the Bureau of the Census in response to questions about consistency between
mortality assumptions in the population projections aad the food projections.

MEMORANDUM FOR Dr. Gerald Barney
Study Director, Global 2000 Project

From: Larry Heligman and Samuel Bawn
Population Division, Sureau of the Census

Subject: Consistency between mortality assumptions in population
projections and food projections

Levels and trends in mortality over time are related to many factors,
including for example, quantity and quality of food and housing, degree
of economic pressures, availability of medical knowledge, personnel and
supplies, and the extent of public health programs. The mortality
assumpfinns built into the population projections implicitly 43sume
mode. 'e technological progress in our ability to make these mortality
reduc 4g factors availably and various degrees of progress in the
diffusion of these factors among all segments of the populations of
the developing world.

Countries, such as many of those in Africa, which are at relatively
low levels of food, housing, economic development, medicine and public
health, and so forth (especially at low levels of factors such as
public health programs which are relatively cheap and easy to apply)
are assumed in the population proctions to show the most progress
in reduzing mortality, as the diffusion of the existing and easily
transferable technologies takes place. Other countries, such as many
in Latin America, waere the inexpensive and easy to apply methods of
death control have already been implanted among large segments of the
population, and where future improvements iu mortality will depend
largely upon factors much more expensive and difficult to implement
(such as the ,aising of nu.,rition levels among the large poorlyfed
.,egment of the population), smaller progress in reducing mortality
is expected to be made.

None Jr this is inconsistent with the food projections, as food is only
one component of the many which determine levels and trends in mortality.
Ibr example, Africa and Latin America are both projected to have rela
''4.vely small progress in food consumption per capita (about 0.4% annually)
but Africa is assumed to have a much more rapid improvement in mortality.
Life expectancy in Africa is assumed to increase by 0.9% per year;
whereah life expectancy in Latil. America is assumed to increase by only
0.4 percent per year. Given the different levels of life expectancy at
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the beginning of the projection period in the two regions (46 years inAfrica and_63 years in Latin America), and the different levels andmixes of mortalityreducing
factors in the two regions (as mentionedin the previous paragraph), the different pace of projected mortalitydecline in the two regions, even in the face of equal exnansion of foodconsumption, is not surprising and certainly not inconsi sent.

In summary, we can not find anything
inconsistent between the foodprojections and the mortality assumptions in the population projection.In fact, given the large number of factors in addition to food consumption which determine levels and trends In mortality, it would bedifficult to argue that wly reasonable set of food projections areinconsistent with the mortality assumptions.



February 26, 1980

UNITED STATES DEPARTMENT OF CVMMERCE
Bureau of the Census
Washington. D.C. 20233

Editor's note: This material was provided by the Bureau of the Census in response to
a request for projections to the year 2100 with age-specific fertility and mortality
rates kept constant atithe levels reached in the year 2000 in the Global 2000 projec-
tions, middle series.

Dr. Jerry Barney
Council on Environmental Quality
722 Jackson glace, N.W.
Washington, D.C. 20006

Dear Jerry:

Enclosed is a summary table showing the results of projections to
the year 2100 with fertility (age-specific fertility rates) and
mortality (age-specific mortality rates) kept constant at the level
reached iniMyear 2000 in the Global 2000 projections middle
series. The more developed and the less developed areas (as
defined for the Illustrative Pro'ections report) were projected
separately, with TF 0 2. ch 'ren per woman for more developed
areas, male life ex ctancy of 69.8 years, and female life expect-
ancy of 77.0 years; a with a TFR of 3.6 children per woman for
less developed areas, male life expectancy of 61.9 years, and female
life expectancy of 65.1 years.

You will note that the changes in age composition result in a xeduction
in the growth rates for both more and less developed regions until the
period 2030-2035, but that after 2070,; the increasing weight of the
less developed regions causes the World growth rate to increase even
though the more developed and less developed regions' growth rates
remain constant.

Looking forward to seeing the final version of Global 2000, as I am
sure you are also. Best regards,

Sincerely,

4,.

SAMUEL BAUM
Chief, International

Demographic Data Center
Bureau of the Census

Enclosure
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2/25/80

Projections of World Population to the Year 2100 Assuming
Corstant (Year 2000) Fertility and Mortality Rates

Total population at beginning Average Annual Growth Rate
(in percent)of period (in billions)

Pe iod World
More

Developed
Less

Developed
LDC percent
of World World

More
Developed

Less

Developed

200 - 2005 6.4 1.3 5.0 79 1.6 0.4 1.9005 - 2010 6.9 1.4 5.5 80 1.6 0.4 1.82010 - 2015 7.4 1.4 6.1 81 1.5 0.4 1.82015 - 2020 8.0 1.4 6.6 82 1.5 0.4 1.7..-.2020 - 2025 8.7 1.4 7.2 83 1.5 0.3 1.72025 - 2030 9.3 1.5* 7.9 84 1.4 0.3 1.72030 - 2035 10.0 1.5 8.6 85 1.4 0.2 1:62035 - 2040 10.8 1.5 9.3 86 1.4 0.2 1.62040 - 2045 11.6 1.5 10.1 87 1.4 0.2 1.62045 - 2050 12.4 1.5 10.9 88 1.4 0.2 1.62050 - 2055 13.3 1.5 11.8 88 1.4 0.2 1.62055 - 2060 14.3 / 1.6 12.7 89 1.4 0.2 1.62060 - 2065 15.4 c 1.6 13.8 90 1.4 0.2 1.62065 - 2070 ---16.t.5 1.6 14.9 90 1.4 0.2 1.62070 - 2075 17.7 1.6 16.1 91 1.5 0.2 1.62075 - 2080 19.1 1.6 17.4 91 1.5 0.2 1.62080 - 2085 20.5 1.7 18.9 92 1.5 0.2 1.52085 - 2090 22.1 1.7 20.4 92 1.5 0.2 1.62090 - 2095 23.8 1.7 22.1 93 1.5 0.2 1.62095 - 2100 25.6 1.7 23.9 93 1.5 0.2 1.62100 27.6 1.7 25.8 94 1.5 0.2 1.6
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May 15, 1978

UNITED STATES DEPARTMENT OF COMMERCE
Bureau of the Census
Washington, D C 20233

Editor's note: This material was provided by the Bureau of the Census following
some ongoing updating of data on selected countries.

Dr. Jerry Barney
Council on Environmental
Quality

722 Jackson Place, N.W.
Washington, D.C. 20006

Dear Jerry:

As we discussed on the phone, we strongly recommend that some

mention of the new figures .cor Chine be made in the Global 2000

report. The attached paragraph is a suggested footnote to the

section discussing the Census Bureau population projections.

Sincerely,

SAMUEL BAUM
Assistant Chief for International

Demographic Statistics
Population Division
Bureau of the Census

Enclosure
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Since the preparation of the Global 2000 projections, the Census

Bureau has revised their estimates for some countries (see U.S. Bureau

of the Census, World Population: 1977, forthcoming). The magnitude

of these changes has generally been small. However, substantial

revision of the estimates have been made for the People's Republic of

China. For a full discussion of the new China figures, see John S.

Aird, "Population Growth in the People's Republic of China", in Joint

Economic Committee, Congress of the United States, Chinese Economy

Post Mao, Volume 1, forthcoming, U.S. Government Printing Office,

Washington, D.C., 1978. The following table shows the effect of these

changes on the world population totals

Effect of Revised Estimates of the Population of the
People's Republic of China on the Census Bureau

Global 2000 Population Projections

(Population figures in millions)

MEDIUM SERIES

World Less Developed
Countries

People's Republic
of China

1975

Using Old China Estimates 4,090 2,959 935
Using Revised China Estimates 4,098 2,967 943

2000

Using Old China Estimates 6,350 5,027 1,329
Using Revised China Estimates 6,401 5,078 1,380

HIGH SERIES

1975

Using Old China Estimates 4,134 3,003 978
Using Revised China Estimates 4,124 2,993 968

2000

Using Old China Estimates 6,797 5,419 1,468
Using Revised China Estimates 6,817 5,439 1,488

LOW SERIES

1975

Using Old China Estimates 4,043 2,912 889
Using Revised China Estimates 4,069 2,938 915

2000

Using Old China Estimates 5,921 4,647 1,176
Using Revised China Estimates 6,000 4,726 1,255
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Editor's Rote: This table was transmitted from Dr. Samuel Baum, U.S. Bureau of
the Census, to Dr. Gerald Barney, Global 2000 Study Director, on April 9, 1980.

3/28/80

Population for World, Major Regions and Selected Countries in the Year 2000 as Prepare*

for the Global 2000 Report and as Revised by Substitution of New Projections
for Eight Countries

(Population in millions)

Region and countries

High Series Medium Series' Low Series

As prepared
For Global

2000 Report

As revised by
substitution of
new projections

Difference
As prepared
for Global

2000 Report

As revised by
substitution of
new projections

Difference
As prepared
for Global
2000 Report

As revised by
substitutioe_Aat Difference
new projections 1

WORLD 6,797 6,520 -277 6,350 6,175 -175 5,921 5,799 -122

More Developed 1,377 1,377 0 1,323 1,323 0 1,274 1,274 0

Less Developed 5,420 5,420 -277 5,027 4,852 -175 4,647 4,525 -122

Less Developed
minus Mainland
Ch'ne 3,952 3,952 -234 3,698 3,568 -130 3,471 3,7," -87

Mainland China 1,468 1,425 -43 1,329 1,284 -45 1,176 1,141 -35

India 1,142 995 -147 1,021 959 -62 974 922 -52

Indonesia 236 230 -6 226 224 -2 209 220 11

Thailand 31 78 -3 75 72 -3 69 66 -3

Korea, Republic of 62 61 -1 57 56 -1 54 54 0

Pakistan 156 156 0 149 152 3 144 147 3

Brazil 241 198 -43 226 190 -36 214 183 -31

Mexico 141 107 -34 131 102 -29 110 96 -14

SUM of 8 countries
shown 3,526 3,250 -276 3,214 3,039 -175 -2,950 2,828 -122

Nall: The new projections for the eight countries do not take into account international migration as was the case for all the countries included in

the Global 2000 report.



4

Editor's note: Following are several tables and charts prepared by the Bureau of theCensus. They compare the assumptions made by the Bureau of the Census and theCommunity and Family Study Center (University of Chicago) in developing theGiobal 2000 projections. In general, the Community and Family Study Center'sassumptions reflect a conviction that public policy around the world will soon shiftin the direction of much stronger family planning programs and that family plan-
ning programs will be effective in reducing fertility rates quickly.

I
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Comparison Between U.S. Bureau of the Census and University of Chicago Data on
Total Fertility Rates, 1970 to 2000

Area and series

Total Fertility Rates

1975

Census

2000

Percent of
difference 1

Absolute Percent Change

difference2 1975-20003

Chicago Census Chicago 1975 2000 1975 Census Chicago

World

Africa

Asia and Oceania

Latin America

U.S.S.R. and
Eastern Europe

Northern America,
Western Europe,
Japan, Australia,
and New Zealand

Selected Countries
and.Regions

People's Republic
of China

India

so

High 4.5299 NA 3.9189 NA
Medium 4.2654 NA 3.3098 NA

Low 3.9942 NA 2.7546 NA

High 6.1847 5.2800 5.6424 3.7630

Medium 6..5524 5.2800 5.0156 3.5355

Low 6.3146 5.2800 4.0436 3.2460

High 5.3501 4.2015 3.8829 2.0005

Medium 4.8865 4.2015 3.2238 2.0005

Low 4.4170 4.2015 2.7163 1.9000

High 5.3992 4.4225 4.4952 2.5475

Medium 5.2679 4.4225 3.6391 2.9145

Low 5.1030 4.4225 2.8949 1.8285

High 2.3700 2.4840 2.6719 1.9995

,Medium 2.3700 2.4840 2.2659 1.8995

Low 2.3700 2.4840 1.8620 1.8000

High 1.9703 NA 2.5328 NA

Medium 1.9697 NA 2.1751 NA

Low 1.9695 NA 1.8559 NA

High 5.1710 3.1995 3.0750 2.0000

Medium 4.1280 3.1995 2.5620 1.8990

Low 3.0830 3.1995 2.0500 1.7995

High 5.3000 5.4985 4.5000 1.2055

Medium 5.3000 5.4985 3.4999 2.8860

Low 5.3000 5.4985 3.0000 2.4705

NA
NA
NA

NA
NA
NA

NA
NA
NA

+17.3 +33.3 +1.1047
+16.9 +29.5 +1.0724

+16.4 +19.7 +1.0346

+21.5 +48.5 +1.1486
+14.0 +37.9 +0.8650
+ 4.9 +30.1 +0.21550

+18.1 +43.3 +0.9767
+16.0 +19:9 +0.8454

+13.3 +36.8 +0.6805

- 4.8 +25.2 -0.1140
- 4.8 +16.2 -0.1140
- 4.8 + 3.3 -0.1140

NA
NA
NA

NA
NA
NA

NA
NA
NA

+38.1 4%15.0 +1.9815

+22.5 +25.9 +0.9285
- 3.8 +12.2 -0.1165

-,3.7 +28.8 -0.1985

- 3.7 +17.5 -0.1985
- 3.7 +17.7 -0.1985

-13.5 NA
-22.4 NA
-31.0 NA

-11.6 -28.7

-21.0 -33.0

-36.0 -38.5

-27.4 -52.4

-34.0 -52.4

-38.5 -54.8

-16.7 -42.4
-30.9 -34.1
-43.3 -58.7

+12.7 -19.5

- 4.4 -23.5

-21.4 -27.5

+28.5 NA
+10.4 NA
- 5.8 NA

-40.5 -37.5

-37.9 -40.6

-33.5 -43.8

-15.1 -41.7

-34.0 -47.5

-43.4 -55.1
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Comparison between U.S. Bureau of the Census and lint Irsity of Chicago Data on
Total Fertility Rates, 1970 to 2000 (continued)

Area and series

Total Fertility Rates

of Absolute
difference2

Percent Change
1975-20003

1975 2000
Percent

difference)

Census Chicao Census Chicago 1975 2000 1975 Census Chicago
Indonesia High 5.3235 5.1183 4.0000 2.3325 + 3.9 +41.7 +0.2050 -24.9 -54.4Medium 5.3235 5.1185 3.5000 ' 2.3325 + 3,9 +33.4 +0.2050 -34.3 -54.4Low 5.3235 5.1183 2.4995 1.8985 + 3.9 +24.0 +0.2050 -53.0 -62.9
Bangladesh High 6.9999 6.5780 5.0000 4.5035 + 6.0 + 9.9 +0.4219 -28.6 -31.5Medium 6.9999 6.5780 4.2500 4.0865 + 6.0 + 3.8 +0.4219 -39.3 -37.9Low 6,9999 6.5780 3.5000 3.4110 + 6.0 + 2.5 +0.4219 -50.0 -48.1

Pakistan High 6.9000 6.2650 5.0000 4.1695 + 9.2 +16.6 +0.6350 -2).5 -33.4Medium 6.9000 6.2650 4.2500 3.5830 + 9.2 +15.7 +0.6350 -38.4 -42.8Low 6.9000 6.2650 3.5('0 3.0535 + 9.2 +12.8 +0.6350 -49.3 -51.3

Philippines High 5.3995 5.5050 3.7995 2.5265 - 2.0 +33.5 -0.1055 -29.6 -54.1Medium 5.0705 5.5050 3.1995 2.5265 - 8.6 +21.0 -0.4345 -36.9 -54.1Low 4.7995 5.5050 2.5000 2.0375 -14.7 +18.5 -0.7050 -47.9 -63.0
Thailand High 5.1675 4.8500 3.9000 2.0160 + 6.1 +47.8 +0.3175 -24.5 -58.0Medium 5.0500 4.8500 3.1000 2.0360 + 4.0 +34.3 +0.2000 -38.6 -58.0Low 4.9000 4.8300 2.4000 1.8000 + 1.0 +25.0 +0.0500 -51.0 -62.9
South Korea High 3.9251 3.5805 3.1000 1.9000 + 8.8 4-38.7 +0.3446 -21.0 -46.9Medium 3.7889 3.530!) 2.5000 1.9000 + 5 5 +24.0 +0.2084 -34.0 -46.9Low 3.4099 3.5805 2.127S 1.8000 - 5.0 -15.4 -0.1706 -37.6 -49.7
Egypt High 5.8190 5.2095 4.6001 2.9855 +10.5 +35.1 +0.6095 -20.9 -42.7Medium 5.81"0 5.2095 3.6000 2.5955 +10.5 +27.9 +0.6095 -38.1 -50.2Low '.8110 5.2095 2.6000 2.1820 +10.5 +16.1 +0. 09!,- -55.3 -58.1

Niger i+ High 6.6999 6.6995 6.37:;u 5.7610 same + 9.6 same - 4.8 -14.0Medium b.7000 6.6995 5.9000 4.7905 same +18.8 same -11.9 -2o 5Low 6.6999 E.6995 4.9999 4.4995 same same same -25.4 -32.8
Brazil High 5.7800 5.1495 5.0000 2.9370 +10.9 +41.3 J0.6305 -13.5 -42.0Medium 5.7255 5.1495 3.9995 2.5370 +10.1 *36.6 +0.5760 -30.1 -50.7Low 5.5500 5.1495 3.5000 2.1215 + 7.2 +39.4 +0.4005 -36.9 -58.8
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Comparison between U.S. Bureau of the Census and University of Chicago Data on
Total Fertility Rates, 1970 to 2000 (continued)

Area and series

Total Fertilityility Rates

i')75 2000
Percent of
difference)

kbsolute

difference
2 1975-2000

Percent Change

Census Chicago Census Chicago 1975 2000

+15.8
+14.3
+ 3.4

Mexico High
Medium
Low

United States High
Medium
Low

USSR High
Medium
Low

Japan High
Medium
Low

Eastern Europe High
Medium
Lew

Western Europe High
Medium
Low

6.7005
6.3600
5.9120

1.7705
1.7705
1.7705

2.4055
2.4055
2.4055

1.9245

1.9245
1.9245

2.2700
2.2700
2.2700

2.0220
2.0220
2.0220

6.1330
6.1330
6.1330

1.8175
1.8175
1.8175

2.4165
2.4165
2.4165

2.1590
2.1590
2.1590

NA
NA
NA

2.2045
2.2045
2.2045

4.7000
4.0005
3.0000

2.6890
2.095
1.6935

2.6610
2.2575
1.8540

2.3000
2.1000

2.6800
2.2699
1.8700

2.4199
2.2070
1.9590

3.9560
3.4290
2.8975

2.0210
1.9190
1.8185

2.0270
1.8990
1.8010

2.0000
1.8995
1.7995

NA
NA
NA

2.0000
1.9000
1.7995

+ 8.5
+ 3.6
- 3.7

- 2.7
- 2.7
- 2.7

- 0.5
- 0.5
- n 5

- 12.2

-12.2
- 12.2

NA
NA
NA

- 9.0
- 9.0
- 9.0

""4.8
r c44
-7.4

+23.8
+15.9
+ 2.9

+13.0
+ 9.5
same

NA
NA
NA

+11.4
+13.9
+ 8.1

1975 Census Chicago

+0.5675 -29.9
+0.2270 -37.1

- 0.2210 -49.3

-0.0470 +51.9
- 0.0470 +18.4
-0.0470 - 4.3

-0.0110 +10.6

- 0.1100 - 6.2
- 0.1100 -22.9

-0.2345 419.5
- 0.2345 + 9.1
-0.2344 - 6.5

NA
NA
NA

+18.1
constant
-17.6

-0.1825 +19.7
-0.1825 + 9.1
-0.1825 - J.1

- 35.5

-44.1
-52.8

+11.2
+ 5.6
constant

-16.1
- 21.4

- 25.5

- 7.4
-12.0
- 16.7

NA
NA
NA

- 9.3

- 13.8

-18.4

'Calculated

2Calculate

3
Calculated

at U.S. Bureau

at U.S: Bureau

at U.S. Bureau

of the

of the

of the

Census:

Census:

Census:

Census fig,,re - Chicago figure

Census figure
Census figure - Chicago figure a absolute difference.

x 100 a percent difference.

2000 figure - 1975 figure
x 100 a percent change 1975-2000

1975 figure

Source: U.S. Bureau of the Census and University of Chicago printouts for World Projections, October 13, 1977.
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TFR
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Projected Total Fertility Rates for People's Republic of China
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Census Medium
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Chicago High

Thicago Medium

Chicago Low,

1975 1980 1985 1990 .995 2000
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Source: U.S, Bureau of the Census,
Foreign Demographic analysis Branch.
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TFR

7.0

6.0

5.0
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Projected Total Fertility Rates for Africa, 1975-2000

Census High

3.0

2.0

1.0

0

1975

I

1980 1985

Chicago High

Chicago Medium

1990

Chicago Low

1995

Year
Source: U.S. Bureau of the Census, Population Division
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TFR

7,0

6.0

Projected Total Fertility Rates for India, 1975-2000

Census High

5.0

Census Medium

4.0

Census Low

Chicago High

3.0

Chicago Medium

2.0

1.0

0

Chicago Low

1:i5 1980 19S:- 1990 '995
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Source: U, S. Bureda of the Census, Population Division
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Projected Total Fertility Rates for Indonesia, 1975-2000

Census High
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Source: U.S. Bureau of the Census, Population Division
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Source: U.S. Bureau of the Census, Population Division



2 The Population Sector
(Agency for International Development/Community and Family Study Center)

Introduction

As was noted in the ii.Lroduction to Chapter 1, the
Popu stion Office of the U.S. Agency for International
Development (AID) requested that the Global 2000 Study
include not only projections by the U.S. Bureau of the
Census, but also projections by the Community and Fam-
ily Study Center (CFSC) at the University of Chicago.
AID was interested in including the CFSC projections
because they are based on a model that assumes the rapid
introduction of family planning programs throughout the
world and assumes that family planning programs will
be higlAy effective in reducing fertility rates. While the
CFSC projections thus strongly violate the basic policy
assumption of the Global 2000 Studycontinuation of
present policies' they were included as an indication of
what might be expected from policy changes that strongly
favored family planning programs around the world.

Only a limited amount of methodological material was
available from CFSC at the time the Global 2000 anal-
ysis was in progress. The first material available was a
paper presented at a meeting in the CFSC offices on Sep-
tember 28, 1977. This paper, which is reproduced here,
provides a general statement of the CFSC methodology.
Later, the CFSC provided a further, more specific
methodological statement, which also is presented here.

The projections by the Bureau of the '.:ensus also violate this assump-
tion by anticipating policy shifts favoring more family planning. The
Census projections, however, assume a less pronounced increased
family planning.

A.

After the Global 2000 methodological analysis was
completed, Paul Demeny, editor of the Population and
Development Review, wrote and published a commen-
tary on the CFSC methodology and projections in the
March 1979 issue of his journal. A reply by Donald J.
Bogue and Amy 0. Tsui, the developers of the CFSC
methodology, was published later in the same journal,
along with a rejoinder by Paul Demeny. These materials
are not reprinted here, but readers wanting further in-
formation on the CFSC methodology and projections
will be interested in this exchange.'

Finally, the CFSC prepared a few comparisons be-
tween their own projections and those of Census. Dr.
Amy 0. Tsui provided these comparisons in her letter of
October 31, 1977, to Dr. Baum, which is reproduced
here. The Census and CFSC methodologies are general-
ly similar, cizept on the criticIlly important matter of
projecting fertility rates. The differences are seen clearly
in the CFSC comparisons.

Referesces

I Paul Demeny. "On the End of the Population Explosion," Popu-
lation and Development Review (New York, Population Council),
March 1979, pp. 141-62; Donald J. Bogue and Amy 0. Tsui, "A Reply
to Paul Demeny's On the End of the Population Explosion,'" ibid..
May 1979, pp. 479-94; Paul Demeny, "On the End of the Population
Explosion: A Rejoinder," ibid., May 1973, pp. 495-504.
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Editor's note: This paper was distributed at a meeting in the CFSC offices in Chicago
on September 28, 1977.

A PREDICTION OF WORLD FERTILITY TRENDS DURING

THE NEXT ONE HUNDRED YEARS

Donald J. Bogue and Amy Tsui

Community and Family Study Center

University of Chicago

I

The Importance of Objectivity in Fertility Prediction

There is no longer much doubt, that world fertility trends have taken a sudden
and significant turn during the decade 1965 to 1975. Wherever it has become possible
to make a factual measurement of fertility change, almost without exception, it has
been found that birth rates have fallen during this period. (A few exceptions appear
to have occurred in Africa, where declines in mortality and medical corrections for
infertility have permitted rises in a fertility that was inexplicably low before.)
The full prevalence of these fertility declines, and their magnitude, will be much
more measurable as the cicle of census-taking about 1980 to 1981 begins to yield new
data. Meanwhile, the results of the World Fertility Survey, occasional censuses,
and other surveys are proviiiing an increasingly impressive body of evidence that
world birth rates are declining much more rapidly than demographers have dared to
expect. This decline appears to be worldwide. The less developed countries are
showing dramatic fertility declines, while many developed countries are possibly
below replacement levels of fertility with almost ananimos impunity.

It is now quite firmly established by research chat the rate of fertility decline
in less developed countries is influenced, by more than any other single factor, by
the amount and quality of organized family planning programs in the country. Countries
which have well-funded programs witn nationwide coverage have tended to experience a
significantly more rapid decline than nations which have smaller programs or only
limited coverage. The full extent of this relationship between family planning efforts
and fertility decline is still in the process of study. However, pioneering studies
by K.C.'Zachiriah of the World Bankl and Parker Mauldin of the Population Council2
leave little doubt that the effect is statistically signifant and substantial. Inas-
much as most apecio;ists who are working in. the area of faMily planning programs
believe that there are very few, truly well organized programs with full coverage,
there are good prospects that the potential effects of family planning programs are
substantially greater than those that can be measured with current data.

This discovery, that high fertility is responsive to direct intervention programs,
is most heartening to a world that is accustomed to bad news concerning the future of

1

2MAtildin, W. Parker and Beielson, Bernard. Cross-CuLural Review of the Effec-
tiveness of Family Planning Programs. IUSSP Proceedings, Mexico City, 1977.
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PREDICTION FOR THE NEXT 100 YEARS 81

the human race. It would be possible to accept this information in crude form, tu
dismiss the population explosion as a nightmare that faded with the dawn of modern
communication and contraception. To do so would, of course, run the risk of a serious
miscalculation of the problems that lie ahead. There is still an urgent need to com-
pute, as carefully as possible, population projections for each individual country
and to compare the projected growth trends in that country with its program for social
and economic development.

Demographers who had long been accustomed to the doctrine of ultimate demographic
catastrophe via the Malthusian route have been especially resistant to over-optimism
at the revelation of the news concerning fertility decline. They have tended to see
each instance as a unique event, caused by a combination of factors that may not
occur frequently throughout the world. Even when they admit the influence of family
planning programs, they tend to assert that these programs are effective only under
certain special circumstances. Following are some examples of hypotheses they have used:

1. The "island or peninsula" hypothesis. According to this hypothesis, fer-
tility declines rapidly only in countries which are comprised of small islands or are
peninsulas. Examples are Taiwan, Mauritius, Japan, Indonesia, Singapore, Hong Kong,
Malaysia, Costa Rica, etc. Implicit in this hypothesis is the theory that the finite
nature of their habitat is much more observable and salient to the residents of such
landforms.

2. The racial origins hypothesis. This hypothesis asserts that fertility
declines are much more consistent with the culture and philosophy of people with par-
ticular racial origins than for other racial group. For example, populations with
oriental origins or influence are supposed to be more responsive to family planning
programs. This explains the declines in Japan, Korea, Taiwan, Hong Kong, Singapore,
Indonesia, and the comparative slow progress of family planning in Pakistan, Bangla-
desh, India, and other "brown-skinned" less developed countries. In contrast, the
African cultures are supposed to be highly pronatalistic and comparatively impervious
to family planning efforts.

3. The economic development hypothesis. It is asserted that fertility decline
cannot take place among a population that is at the very bottom of the heap with
respect to living standards. Where conditions of life are at the starvation or near-
starvation level, it is practically impossible, it is claimed, for family planning
programs to have mu-'. of an tmpact. Under such conditions, infant mortality rates
tend to be high, traditionalism tends to be rampant, and an atmosphere of fatalistic
despair pervades the culture, making it insensitive and unresponsive to the life-
saving solution of contraception that is within its grasp. The list of preconditions
that are claimed to be necessary before fertility decline can take place is large:
maternal and child health care, reduction of infant mortality, improved status for
women, improved nutrition, a national social security and retirement system, and others.

4. the education/literacy hypothesis. The segment of the population that
practices family planning most faithfully and successfully is that segment which is
literate. Especially important is literacy of the wife. Where there is massive
.11iteracy, family planning programs make small headway because the public cannot get
the family planning messages, cannot comprehend them if they do arrive, and lacks the
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82 THE POPULATION SECTOR (AID'CFSC)

mental sophistication to carry out the instructions if they are comprehended. At

least foer years of formal education, and preferably more, are said to be needed to
foster rapid fertility decline.

To an objective bystander, this long list of explanations for the recent examples
of fertility decline resembles the long list of rationalizations that scientists were
making about the behavior of fire until the discovery of oxygen, or about infectious
diseases before the discovery of microbes and germs. One begins to suspect that
those who present these explanations are so wedded to one particular theory, the
Malthusian theory, that they are unable to look dispassionately and objectively at
the new body of data tha:- is accumulating about fertility declines.

It would appear that the science of demography has arrived at a critical point
in its history. It is confronted with new and unexpected fertility behavior. In-

stead of clinging desperately to the old Malthusian doctrine which has dominated the
discipline for two centuries, rationalizing it with modifications of increasing number
and increasing elaborateness, special exceptions and mysterious variables, there is
need for a willingness to accept new and simplifying theories.

II

A Theory of Fertility: Post-1965

A theory which explains the recent declines in fertility may be stated as follows:

When a person becomes convinced that his life conditions, can
be improved, or saved from becoming worse, by curtailing child-bearing,
that person will tend to do so, provided that he achieves:

A. Cognitive preparation
1. has the necessary knowledge,
L. believes it to be socially acceptable to do so,
3. believes that the methods to be used are effective and

that the risks of using them are low,
4. believes that he is competent to carry out the procedures

or that they will work for him.

B. Service
The devices or materials required for contraception are

accessible to him, through channels which he trusts and upon
which he can rely.

When such a conviction becomes even moderately prevalent among a population and comes
to be shared with friends and neighbors, it begins to take on the character of a

social movement which then beccmes a cultural adaptation.

Stated in aggregate, rather than individual terms, this proposition becomes a
sociological theory of demographic regulation which states that every society tends
to keep its vital processes in a state of balance such that population will replen-
ish losses from death and grow to an extent deemed desirable by collective norms.
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PREDICTION FOR THE NEXT 100 YEARS 83

These norms are flexible and readjust rather promptly to changes in the ability of
the economy to support a population.

The process described above occurs in the manner of all social changes, and is
gradual or rapid depending upon cultural and other characteristics of the group.
Although the process may be slower in societies where illiteracy is high, where pre-
vious norms have been pronatalist, where there is a fatalistic outlook, where death
rates are high, and where economic conditions are low, this demographic regulation
can and will eventually take place.

In the absence of external help, the population will gradually evolve its own
rationale and procedures. Where conditions are difficult through underdevelopment,
the process may be greatly accelerated by providing communications which heighten the
saliency of the issue (motivation) and provide cognitive preparation (component A)
and service (component B). This theory has significant derivatives or corollaries,
as follows:

(a) Where other services are not available
i but cognitive preparation is present,

a substantial fraction of the population will make use of abortion, infan-
ticide, withdrawal, rhythm or other methods, even though the effectiveness
and reliability may not be high.

(b) Where services are provided but where cognitive preparation is low, little
change in fertility will take place.

(c) Any program which stimulates cognitive preparation will result in greater
demand for the services.

. (d) Any program which substitutes highly accessible, reliable, and easy-to-use
methods of contraception for unreliable, dangerous, or unpleasant methods
will more quir.kly translate cognitive preparation into actual fertility
decline.

(e) Appropriately planned special family planning programs which simultaneously
strive to provide the twin components of cognitive preparation and family
planning services that are reliable, convenient, and easy-to-use can greatly
shorten the length of time required to reduce birth rates.

(f) The pace of fertility decline in the ,:utare will depend, in large part, upon
the presence or absence of fertility programs, their "quality" (relevance
for the existing culture and logistic coverage), and the skill with which
they are administered.

III

Assumptions Upon Which to Predict Future Fertility Trends

ff the above theory is accepted, the entire nrocess of predicting the future
course of human fertility becomes different from that utilized in the past. A sim-
ple extrapolation of current fertility rates or recent declines in fertility may



84 THE POPULATION SECTOR (AID/CFSC)

result in a great overestimation of future fertility. For the past decade, demograph-
ers have consistently underestimated the rate of fertility decline, both in delieloped
and developing countries, with the result that their population projections are quick-
ly shown by the course of events to be too high. Instead of making use of simple
extrapcilative methods, projections must involve anticipated changes in the quantity
and quality of family planning programs and in the expected effectiveness of their
efforts. This is the variable which will determine, far more than any other, the
course of fertility in the developing nations.

The downward trend in fertility rates in the less developed countries is too
recent, and the assessment of the part which family planning programs can play in the
future is too crude and inaccurate to permit precise statements of these assumptions.
Nevertheless, the need to make population projections is mandatory, and the utiliza-
tion of such information as is available will yield projections which are an improve-
ment over those made previously.

A proposed set of assumptions for making population projections is as follows:

(a) The process of cognitive preparation is now underway all over the world.
it is prevalent implicitly if not explicitly in normal communication, and
is being diffused, to some extent, through both the interpersonal and the
mass media.

(b) Irrespective of how negative or pronatalistic a nation's position may be
today, the fact that high birth rates are highly dysfunctional and contra-
dictory to the achievement of the goals of national development will pro-
duce a more permissive if not supportive attitude toward organized family
planning programs in the near future. Hence, within a decade, substantial
private if not public family planning systems may he expected to be oper-
ating everywhere in the world, if they have not already made their appear-
ance.

(c) As the efficacy of family planning in promoting social an4-economic devel-
opment becomes more widely appreciated, inputs into this 'form of inter-
national assistance will increase, so that generous aid to any nation
permitting it will be available.

(d) Because a large number of professional persons, from many disciplines, are
working in the family planning area, and because the volume of research
and verified knowledge is now rapidly accumulating, the effectiveness of
family planning programs in promoting cognitive preparation will improve
greatly. Their ability to work rapidly in low-literacy, low-income, rural,
and "backward" situations will improve.

(e) Steady improverent in family planning services (the methods available for
use and the quantity and quality of outlets) will be.made. This process
is already underway in urban centers throughout the world, and may be
expected to diffuse rapidly into most rural areas.
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Thus, the most realistic assumptions that can be made about the future course of
fertility is that in the future birth rates will fall even more rapidly than they
have in the recent past in all countries which have high birth rates. In countries
where birth rates have not yet begun to decline, this process will begin very shortly.
In countries where birth rate declines have already gained momentum, this trend will
continue or accelerate. This decline will continue until it reaches levels where
popAktion growth and economic well-being have been brought into a socially desir-
able balance. This may include negative growth.

IV

The Shape of the Fertility Decline Curve

The trend of fertility decline in Europe and the United States tended to be a
gentle, almost linear, downward drift over two centuries, with vicissitudes intro-
duced by wars, economic booms, depressions, and internal political upheavals. Although
demographers have not discussed this problem yet, most of their population projections
assume that the fertility decline curve will be linear; they assume that the trend
of fertility in developing countries, once a decline sets in, will also follow a
linear path. The usual assumption is that a specified rate of decline will begin at
the base date or some future, designated, date and continue at a fixed rate until
the terminal date. Both the theory of social change and the empirical evidence
from the countries where such declines have taken place suggest that this is an impro-
per assumption.

It is proposed here that the shape of the fertility decline curve during the
next century will follow that of a "reverse S" (see Figure 1). This curve has four
phases:

(a) Slow takeoff/acceleration,

(b) Rapid mid-period descent toward replacement levels,

(c) Rapid deceleration with a decline to below replacement levels,

(d) Return to replacement levels after a period of below-replacement fertility.

The factors that determine the shape of this curve are not demographic, but sociologi-
cal. Based on research on the diffusion of many innovations, the process of change
can be divided into five periods:

(a) A "pioneer" phase, in which a few daring persons take a risk and adopt.

(b) An "early adopter" phase in which the more sophisticated, more change-oriented
individuals join the pioneers in increasing numbers, realizing that the
risk is small in comparison with the reward.

(c) A "mass adoption" phase in which the great bulk of the population joins in
the adoption, understanding that the risks are small in comparison with
the reward.

9
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(d) A "late adopter state" in which fhe more conservative segment of the society
follows the lead of the majority and adopts.

(e) A "laggard" phase, in which the most reactionary, distrustful, and inflex-
ible members gradually conform to what has become a universal practice.

It is believed that the pattern of fertility decline, even more than most innovations,
will conform to this sequence. Because adoption of family planning involves both
social and medical risks (in thl minds of the pioneers and early adopters) it may
be expected to have a slow take-off, with increasing acceleration as more people adopt.
Once it becomes an accepted, normal activity, the phase of "M838 adoption" may be
expected. As the supply of potential adopters diminishes and only those who have
opposed family planning on extreme religious, political, moral, or unjustified medi-
cal bases remain, the pace of decline'may be expected to decelerate.

We believe that the major determinant of the rate of decline in the future will
therefore be the level of fertility itself. This results from the very close relation-
ship between the birth rate and the proportion of couples who practice contraception.
If the birth rate is high, it is expected that the annual decline '411 be smaller
(despite the level of the family planning effort) because under these circumstances
only a small fraction of the popula!ion are contraccptors, the behavior is less soc-
ially accepted, and those who practice must do so as "pioneers". As birth rates fall
to lower levels, a greater percentage of the plblic practices contraception. Follow-
ing is an estimate of the propurtion of fertile couples of reproductive age who must
be practicing contraception in order for t1 'sixth rate to be at each of the levels
specified:

Percent of fertile
Crude birth rate couples contracepted

60 0 0

55 8 4

50 16 7

45 26 5

40 33 3

35 41 7

30 50 0

25 58 3

20 66 7

15 75.0

10 80 5

5 91 7

0 100 0

Source: Computed from equation 20a, of RFFPI Manual 6, An Empirical Model for Demo-
graphic Evaluation of the Impact of Contraception and Marital Status on Birth
Rates, Community and Family Study Center, 1973. p.32.
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Thus, when the crude birth rate is 60, there is zero contraception. With each lower
level of fertility, the prevalance of contraception increases, so that by the level
of CBR=45, roughly one-fourth of the fertile women are protected by some form-of
contraception. .This can be via delayed marriage, abstinence, withdrawal, induced
abortion, rhythm, or some other "folk" method. When CBR=30, one-half of the women
are contracepting, and family planning passes from being a minority to a majority
trait. When CBR=15 (roughly replacement level fertility), three-fourths of all fer-
tile women are contracepting. It is this passage from deviational behavior to major-
ity status that causes the pace of fertility decline to increase with declining fer-
tility. (The proportions reported above assume perfect contraception. Taking into
account accidental pregnancies resulting from use of unreliable methods and careless-
nes, the percentage of couples who must actually practice some form of contraception
or fertility regulaticn in order to achieve this amount of perfect contraception is
somewhat grEater than the proportions indicated.)

Studying the above perzentages of contraceptive prevalence related to fertility
levels, we note that at CBR=40 approximately one-third of the couples are practicing
contraception. This is the point at which, in most adoption research, "early adop-
tion" gives way to "mass adoption". At about this point, therefore, we should look
for swift fertility declines. This has proven to be the recent experience in many
parts of the world; once the birth rate sinks into the high thirties it tends to
descend swiftly into the mid-twenties. We predict it will be come a universal phen-
omenon in the remainder of this century and the beginning of the next.

As the replacement level is approached, roughly three-fourths of couples are
contracepting. Only the most conservative and firmly pronatalist segments remain,
along with young couples just starting their families. The pressures to reduce fer-
tility have begun to diminish. Consequently, the pace of fertility decline may be
expected to decrease.

If the population has exceeded its resources, and there is genuine and severe
overpopulation, we may expect birth rates to decline below the replacement level and
to remain there for a sustained period of time, until population growth has not only
been brought to zero, but until absolute population decline has reduced the population
size to an amount more consistent with life-sustaining resources.

We hypothesize that due to the rapid pace of modernization, religious public and
political resistance to family planning, and inadequate communica,ion to give the
public advance warning, most of the developing countries will be severely overpopulated
by the time they begin to approach the replacement level of fertility (CBRu.15). It
is our prediction, therefore, that they will proceed immediately and directly to
substantial and sustained below-replacement fertility. They may remain in this state
for a full quarter or half century until their numbers and resources are it balance so
that they, can enjoy an improved standard of living. We predict that much of the
twenty-first century will be one of replacement level or below-replacement level fer-
tility throughout the world, includini, most, if not all, of the present high birth
rate countries of Asia, Latin America, and Africa.

9 1



88 THE POPULATION SECTOR (AID/CFSC)

V

Predicted Fertility Trends: 1975 to 2075

Based on the assumptions stated above, it is possible Lo chart out new paths
for future trends that offer the possiblity of being more realistic and more likely
to occur than those used in the past. Actually, there are three basic assumptions:

(a) The rate of fertility.decline will be directly proportional to the amount
of family planning effort (an a per capita basis) and the quality of those
efforts.

(b) The rate of fertility decline will be a fun_tion, "inverse S curve," of
the birth rate itself.

(c) Steady but not necessarily spectacular progress will be made in other as-
pects of economic and sotial development. This calls for continuation, at
about present rates, in efforts to reduce infant mortality, promote adult
literacy, raise the standard of living, and promote community development.
Progress on all of the fronts has beerounderway to some degree in most
countries for almost a quarter-century (since 1940), and in major propor-
tions for a decade. Without continued progress along these fronts, the
assumptions stated above will not operate as predicted. We assume, in other
words, that rapid fertility decline is not in either economic development
or family planning programs, but the simultaneous conduct of both.

Implicit in this are the following corollaries:

(a) The rate of decline will be roughly the same in all continents, cultures,
religious groups, or levels of economy. Well-planned and skillfully exe-
cuted national family planning programs (both in the public information/
motivation front and in the provision of convenient, inexpensive, and high
quality contracepti4e service) are Irogressively capable of overcoming the
barriers to success that created earlier differentials along these cultural
and economic lines. This will.be especially true ender conditions of econ-
omic progress.

(b) The major determinant in determining the future course of a nation is the
date at which it sponsors a nationwide family planning program of adequate
dimension and how sincerely and skillfully that program is carried out.

If these assumptions and corollaries are accepted as premises for making population
projections, the question then arises: What rates of fertility decline can realis-
tically be expected under conditions of organized family planning programs? Based
on a study of recent trends in countries where fertility declines have taken place
in the presence of major family planning programs, we have prepared schedules of
predicted annual decline (expressed in units of crude birth rate). We assume three
possible levels of predicted annual decline expected under each of these conditions.

Table 2 shows the number of years that would be required for a population to
pass through each range of birth rates, under the three assumptions. For example,
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in a strong family planning program, it is estimated that the birth rate would de-
cline from 45 to 40 within 4 years, because the birth rate is expected to decline
1.25 points per year. A medium strength program would require 6.7 years; a weak
program would require 15 years.

At the foot of Table 2 is a summary reporting the number of years that would
be required to pass through the demographic transition from a CBR=45 to replacement
level fertility of CBR=15. Under a strong family planning program, under modern
conditions, only 18.5 years would be required. Under a moderately strong program,
a little more than a quarter century would be required (26 years). Under a weak
program, more than two-thirds of a century (68 years) would be required.

VI

Empirical Support for the Predicted Fertility Declines

Empirical support for the predicted amount of fertility decline to be expected
during the next century, under alternative conditions of strength of family planning
effort, are provided from a careful scrutiny of recent fertility declines in devel-
oping and developed countries. We have worked on the assumption that most family
planning programs were poorly organized, not well planned, and clumsily executed
before 1968, and that only fertility trends nince that date should be considered as
typical of the potential that can be expected in future years.

We have made estimates of the rate of Total Fertility (TFR) as of 1968, inter-
polating where necessary between adjacent measures. We have made a similar estimate
for 1975, extrapolating the most recent annual decline where necessary to arrive at
a consistent date. Where there is no change in fertility, rates for 1968 and 1975
are, of course identical. (Because we believe the rate of fertility decline to be
in the acceleration phase in most developing countries, the above procedure tends
to understate the true amount of fertility decline, rather than exaggerate it.)

A careful analysis of the changes in fertility, 1968 to 1975, has been made,
taking into account the level of family planning effort, the continent on which :he
nation is located, and other factors. The results of this analys s strongly support
the inference that the schedule of fertility declines prescribed or the "moderate"
family planning effort could rerdily take place in any country on arth, given a
willingness of the national government to sponsor it. Empirical s .port that the
more rapid declines prescribed for a "strong" family planning progr.. could be
achieved in most countries of Asia and Latin America is also ample. Ou schedule for
the "weak" family planning program is more or less an intuitive synthesis our
empirical results for "no family planning program" and current weak family pla , ng
program efforts. Following is a more detailed description of the analysis and of
the findings.

(To Be Completed)

Editor's note: The CFSC intended originally to edit and expand this paper, but in-
stead wrote a substantially different paper, which follows.

lot
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Table 1

PREDICTED ANNUAL DECLINE IN CRUDE BIRTH RATE, UNDER THREE ASSUMPTIONS OF
THE STRENGTH OF THE FAMILY PLANNING_ EFFORT

Strength of Family Planning Effort

Crude Birth Pate Strong, Moderate Weak

45 and over 1.00 .50 .25
40-44 1.25 .75 .33
35-39 1.50 1.00 .50
30-34 1.75 1.25 .75
25-29 2.00 1.50 1.00
20-24 2.00 1.50 .75
15-19 1.50 1.25 .50
10-14 1.25 .75 .33

Table 2

NUMBER OF YEARS REQUIRED TO PASS THROUGH THE CRUDE BIRTH RATE INTERVAL

Strength of Family Planning Effort

Crude Birth Rate Strong Moderate Weak

45 and over
40-44 4.0 6.7 15.0
35-39 3.3 5.0 10.0
30-34 2.9 4.0 6.7
25-29 2.5 3.3 5.0
20-24 2.5 3.3 6.7
15-19 3.3 i 4.0 10.0
10-14 4.0 6.7 15.0

Time required to decline
from CBR=45 to CBR=15 18.5 26.3 68.4

1 0 2
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- POPULATION PROJECTIONS FOR THE WORLD: INDIVIDUAL COUNTRIES AND REGIONS, 1975-2000

Amy Ong Tsui and Donald J. Bogue

Community and Family Study Center

University of Chicago

In order to provide a basis for planning and predicting future needs for food,
energy, employment, community facilities, and social services, a set of population
projections has been prepared which reflects the most recent data in world fertility
and mortality. Three estimates have been submitted, with the objective that they will
be very likely to "bracket" actual future trends:

"High" projection The highest population counts that reasonably could be
,expected in future years, given present trends and
knowledge of underlying factori that are affecting
those trends;

"Medium" projection The "best guess" or "most likely" population counts
that could be expected in future years, given present
trends' and knowledge of underlying factors;

"LoW" projection The lowest population counts that reasonably could be
expected in future years, given present trends and
knowledge of underlying factors that affect them.

'It is expected that the actual course of future population growth will follow a path
close to that specified by the. "med!um" projection. If actual trends deviate from,
this, they are not expected tobe higher than the "high" projections nor lower than
the "low" projections.

Theseprojectiona have been prepared for each of the twenty-six years, 1975 to
2000. Each projection reports the total population that may be expected, by age
and sex. Age is specified in terms. of five-year groupings.

After review=and discussion by a panel of experts in population projection, it is
planned to translate these projections into "functional" projections for school enroll-
ment, employment, 4 community facilities, housiug,-etc.

The projections are made for every nation of the earth recognized by the United
Nations. For the purposes of providing data to the Committee on Environmental Quality
of the United States, certain of these countries have been summed into regional groupings.'

Methodology. The projections have been prepared using a procedure known as the
"component method" of population projection. Under this procedure, a set of assump-
tions about the future trend in the three components which determine population
growth--fertility, mortality, and migration--are scheduled to show exactly what impact
they would have on population counts. This procedure is. very well known and widely
accepted by demographers as the most explicit and best procedure for making popula-
tion projectio-a. It was developed by Warren S. Thompson and P.K. Wbelpton of the
Scripps FourUation in the early 1930s, and has become the standard procedure for
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forecasting population throughout the world. The details of the procedure, together
with a computer program POPROJ which carries out the scheduling of anticipated changes
in fertility, mortality, and migration, are raported in a publication, RFFPI Manual
12.1

Given the fact that the methodology employed in making population projections
is standardized throughout the world, the difference between one set-of population
projections and another is determined entirely by the differences between foUr sets
of dettA:

(a) the population count, by age and sex, for the base (beginning) date for
the projections,

(b) the age-specific rates of mortality as of the base date and expected for
future years,

"(c) the age-specific rates of fertility as of the base date and expected for
future years,

(d) the age-specific amounts of new migration expected for future years.

The "specirications" for a vet of population projections consist, therefore, in
providing details of assumptions about each of the four sets of data. These are
provided below for the projections reported here.

Assumptions upon which the Projections are Based

Mortality. Throughout the world there is a slow butneJertheless steady increase
in survivorship over mortality. That increase is greatest in developing countries
where mortality rates have been high, and least in developed countries which have
already pushed public health And medical technology almost to the limits of their
life-saving capability. The United Nations has made detailed and careful studies
of trends in mortality decline, and has prc acted future declines in mortality that
may be expected, assuming that national and international efforts to provide heu
and medical care to the population continue. These projected declines have been
carefully reviewed by the World Bank. It has been observed that in recent years the
declines in mortality have not been as great as those anticipated by the United
Nations in certain countries, especially those classified as "underdeveloped." The
World Bank, therefore, has rescheduled the expected future mortality (survivorship)
rates on a somewhat less optimistic basis. In most cases, these revisions have been
reviewed with the United Nations, and it is expected that future United Nations
assumptions will also reflect the slower progress in mortality reduction encountered

1
Donald J. Bogue and Louise Rehling, Techniques for Making Population Projec-

tions: How to Make Age-Sex Projections by Electronic Computer, Family Planning
Research and Evaluation Manual Number 12, Chicago: University of Chicago/Community
and Family Study Center, 1974.
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in recent years.

For the projections prepared by the Community and Family Study Center, the
mortality assumptions of the World Bank have been accepted without change. This
has been done for two reasons:

The immunity and Family Study Center has no research or data to cast any
doubt upon the validity of the World Bank's review, and believes the World
Bank's assessment of mortality trends to be essentially correct.

2. The impact upon projected future population counts of the mortalitycom-
ponent is much smaller than that of fertility. A revision of the World
Bank's assumptions about mortality could have only a comparatively minor
effect upon the population projections.

Both the United Nations and the World Bank express,mortality in terms of surviv-
orship ratios based upon model life tables prepared by Ansley Coale and Paul Demeny
of Princeton's Office of Population Research. There are three such sets of model life

tables, North, South, and West. Each of these eets specifies a rate of"survivorship
for a one -year period for-various levels of mortality, expressed in average expecta-

tion of life at birth (e0). Thus, assumptions about future trends in mortality are
expressed in terms of the future expectation of life at birth, and the age-specific
survivorshipurvivorship values specified by one of the model life tables for that particular ex-
pectation-of-life level. We have accepted this procedure without modific &tion.
Thus, our assumptions about the future course of mortality and our method of conver-
ting this into the computation of population projections are identical to that proposed
by the Worlr Bank, after reviewing the United Nations mortality projections in the
light of recent data.

Migration. For the projections reported here, we assume zero net migration.
This assumption is approximately valid for most nations of the world, but clearly is
invalid for several--of which the United States is the most conspicuous. A separate

projection for the U.S., in which realistic assumptions about future migration are
incorporated, is submitted for special consideration. At a future date, projections for
other countries which experience significant amounts of in-migratior or out - migration

will be prepared. The assumption of zero net migration, for the current series of

projections,ia used more because of lack of valid data (and a lad. of a basis for
making assumptions about the future .rend of migration) than because of a belief that

this component will actually remain zero.

Fertility. At the national ley ertility has considerably more potential

for change and hence is more important. than the other two components of population

growth. Consequently, the assumptions made about current levels and future trends

in the birth rate reflect the major determinant of future population growth. The

"validity" of population projections depends, therefore, primarily upon the assumptions

made concerning fertility.

The fertility assumptions made for the present projections rest upon a theoretical

use somewhat different from that employed in previous sets of population projections.

The detailed argument upon which it is based is reported in an article, "Fertility

10:)
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Trends Over the Next One Hundred Years."2 The basic premises of this argument are
as follows:

1. Throughout the entire world, in developed and developing societies, the
need to reduce the pace of population growth is being increasingly felt. This pressure
is being manifested both at the aggregate (governmental and policy) level and at the
level of the family and the individual person. Modernization is inherently inconsis-
tent with high fertility, and high fertility is inherently inconsistent with most of
the objectives and life-goals being sought by most peoples (literacy, health, higher
standard of living, better housing, basic luxury commodities, physical comfort).
Even in nations where this set of pressures has not been officially recognized, they
are present and mounting in the individual families. Environmental, economi-,, and
social pressures will maintain this pressure, and increase it substantially during
the remainder of this century.

2. The present pace of economic development and modernization will bring down
fertility to the replacement level gradually through provision of facilities and
gradual accumulation of knowledge and motivation. The pace will be somewhat faster
than that followed by the West (Europe and North America) during the nineteenth and
early twentieth centuries because of improved communication and improved methods
of contraception.

3. The pace of fertility decline is directly influenced by family planning
programs, organized on a national or regional basis to provide information, motiva-
tion, and contraceptive services for family planning. The greater the percapita in-
vestment, the more wholehearted the official support, and the higher the accessibility
to the entire public of these services, the more rapid will be the decline.

4. The pace of decline of fertility will be that of a "reverse S" curve.
When birth rates are high, and family planning programs are in their stages of estab-
lishment and gaining social acceptance, the pace will be slow. As birth rates sink
to lower levels, the rate of oecline will accelerate to a maximum point, when the
Crude Birth Rate is between 38 and 20. In this interval, the pace may be very rapid.
When the Crude Birth Rate reaches the lower 20s, complete saturation of contraception
is being approached. Only young people still starting their families and a residue
of reactionary "late adopters" will remain to be convinced about the need for fertil-
ity decline. At this point, fertility decline continues, but at a decelerating rate.

5. Those countries which now have no family planning programs may be expected
to begin at least weak (partial) programs within the very near future. Nations which
presently have weak or moderate family planning programs may be expected to strengthen
them substantially. By the end of the century, every nation on earth may be expected
to have at least some kind of a substantial family planning effort (either public or
private or both) and these programs may be expected to have a substantial impact in

2Donald J. Bogue and Amy Ong Tsui, "Fertility Trends Over the Next One Hundred
Years," unpublished manuscript, to be submitted to a professional journal.
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reducing fertility faster than otherwise would be the case.

Table 1 represents an effort to operationalize the above five points. The

right hand column specifies the estimated annual decline in the Crude Birth Rate that
may be expected in the future on the basib of modernization alone, with no special
efforts at providing family planning information and services. The anticipated
downward trend is almost linear, with a one-point decline in the Crude Birth Rate every
4 or 5 years. Under this set of conditions, it would require about lls years for
a population to make the demographic transition from a Crude Birth Rate of 45 to
the replacement level of about 15 pe: thousand.

The extreme left column of Table 1 specifies the annual decline in the Crude
Birth Rate that may be expected in the presence of a strong, well-financed, well -
organized, and well-administered family planning program that reaches the entire pop-
ulation, both urban and rural, in a sustained way. Under these conditions, it is
estimated that the annual rates of decline are two to four times those that would
occur in the absence of a program. This acceleration in the pace of decline is esti-
mated to be able to bring about a complete demographic transition from a Crude Birth
Rate of 45 to a CBR of 15 within a span of about 38 years, or about one-fourth the
time that would be required in the absence of a family planning program.

The assumptions of Table 1 were converted to predicted annual declines for indi-
vidual countries and regions of the world by using the following assumptions:

1. Each country is classified into one of four categories, according to the
level of its family planning program effort: "Strong," "Moderate," "Weak," or "None."

2. The high estimate assumes that each country will maintain its present family
planning status, and will follow out the schedule of changes indicated for that

status b$ Table 1. This yields a net of anticipated annual changes in the Total
Fertility Rate that would be expected under this set of assumptions. (Table 2 is ex-
pressed in terms of Total Fertility Rate instead of Crud-.! Birth Rate because that is
the unit of measure usuallj employed in the population projection procedure. It es-

capes several methodological difficulties pertaining to age composition, sex ratios,

and interaction between fertility and mortality.) Each cell of Table 2 reports the

number Of fewer children 1000 women would bear each year, under conditions of strong,
moderate, weak, or no family planning prograr- according to the level of the birth

rate in that year. (The level of fertility is expressed both in terms of Crude Birth

Rate and Total Fertility Rate, for convenience in interpretation.)

3. The medium projections (deemed most likely to take place) assumes that the

scheduld of fertility declines shown in Table I will occur, but that in addition,
the respective nations will strengthen their family planning programs as follows:

(a) Nations which presently have no family planning program will remain in that
status for five years (until 1980), and then linearly trend toward a weak

program by 1985. They will then trend toward a "moderate" family planning

program by 1990 and a "strong" family planning program by the year 2000.

(b) Nations which presently have a moderate family planning program will remain

in that status for five years, ane then will trend toward a strong family

1 1 i



100 THE POPULATION SECT OR (AID/CFSC)

planning program by 1990 and remain in that status until the year 2000.

(c) Nations which presently have "strong" family planning programs will remain
in that status for the entire span of time.

Table 3- schedules out the annual decline in the Tott: Fertility Rate expected underthese conditions. Each cell of these tables has the same meaning as that stated forTable 2. However, the table is mare complex (has more panels) because a separate
schedule must be made according to the present level of the national family planningeffort, and a schedule must be made for each five-year period, 1975-2000.

4. The low projections (deemed less likely but nevertheless possible) assumesa much greater family planning effort than for the medium projections. It assumesthat the respective nations will strengthen their family planning programs as follows:

(a) Nations which presently have no family planning programs will linearly
trend toward a "weak" program by 1985, a "moderate" program by 1990, and
a strong program by the year 2000.

(b) Nations which presently hav a "moderate" family planning program will trend
linearly toward a%"strong"I6amily planning program by 1980 and will remain
in that status until 2000.

(c) Nations which presently have a "strong" family planning program will remain
in that status for the entire span of time, but the efficacy of the program
will improve linearly from its present thrty-eight years for transition
time to one-half that amount (to nineteen years), equivalent to doubling
the coefficients in Table 1 for the "strong" program.

Mininimum allowable fertility. levels. When carried out mechanically, some of
these assumptions (especially the "low" projections) will call for birth rates that
are absurdly low. It is assumed that when birth rates approach the replacement levels
(CBR = 14 or TFR = 2.1), there will be allowed no stronger resistance to further
fertility decline. The birth rates will be allowed to sink to a minimum level and
it is 3asumed that they will remain at this level for the remainder of the century.
These minimum levels are as follows:

For high projections, TFR = 2000 (CBR of about 14)

For medium projections, TFR = 1900 (CBR of about 13.5)

For low projections, TFR = 1800 (CBR of about 13).

Thus, the medium and low projections permit fertility to sink somewhat below replace-
ment levels and remain there indefinitely.

Nations which are currently below replacement levels. The nations of Western
Europe and North America are already below replacement. It is anticipated that they
will remain in this state for a period of ten years and will then trend linearly-
toward replacement by the year 2000; for medium and low projections; the rates trend
linearly toward 1900 and 1800 respectively. As these countries reach a stage of
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absolute zero growth, it is expected that systems of subsidies and otter inducements
will be launched which will seek to encourage fertility.

Conclusion

These projections, and the basic theory which underlies them, are fully consis-
.tent with the most recent data concerning birth declines. However, it must L. empha-
sized that these projections are based upon the assumption that there will be a con-
tinuing well-financed and well-sponsored program of international assistance to
developing countries over the next quarter century. It is expected that these programs
will expand to cover all nations, and will improve within each nation. If that is
carried out, it is believed that the projections will follow the course specified
by our "medium" projections, or even deviate downward towards the "low" projections.
If it is neglected, weakened, or rendered ineffective by too much dilution with other
programs, the course of birth trends will veer sharply upward towards the "high"
projections, and if the program is discontinued or substantially weakened, it can
exceed the "high" projections.
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Table 1,

ESTIMATED ANNUAL DECLINES IN CRUDE BIRTH RATE AND TOTAL FERTILITY RATE
FOR VARIOUS STRENGTHS OF-FAMILY PLANNING EFFORT

STRENGTH OF FAMILY PLANNING EFFORT

CRUDE BIRTH RATE Strong Moderate Weak None

Annual Declines in Crude Birth Rate

45 and over .40 .333 .25 .2040-44 .60 .50 .30 .2035-39 .80 .667 .40 .2530-34 1.00 .75 .50 .2525-29 1.00 .667 .40 .252044 .80 .50 .30 .2015-19 .60 .333 .25 .2013-14 .40 .25 .15 .15

Annual Declines in Total Fertility Rate

40-44 ,

8.0 10.0 17.0 .2535-39 6.0 8.0 12.0 .25
30-34 5,0 7.0 10.0 .2025-29 5.0 8.0 12.0 .20
20-24 6.0 10.0 17.0 .2515-19 8.0 15.0- 20.0 .25

Time required to

declinefromCBRa.45
to CBR15 38.0 58.0 88.0 '1.35
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Table 2. High Estimate

ESTIMATED ANNUAL DECLINES IN TOTAL FERTILITY RATE BY LEVEL OF
FERTILITY AND STRENGTH OF FAMILY PLANNING PROGRAM

Fertility level

STRENGTH OF FAMILY PLANNING PROGRAM

Moderate Weak NoneTFR CBR Strong

6245 and over 45 55.18 45.52 34.49 27.59
5556-6244 40-44 82.76 68.97 41.38 27.59
4866-5555- 35-39 110.35 92.42 55.18 34.49
4176-4865 30-34 137.94 103.46 68.97 34.49
3487-4175 25-29 137.94 92.42 55.18 34.49
2797-3486 20-24 110.35 68.97 41.38 27.59
2107-2796 15-19 82.76 45.52 34.49 27.59
1899-2106 13-14 55.18 34.49 20.69 20.69
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Toile 3. Medium Estimates

ASSUMED ANNUAL DECLINES IN TOTAL FERTILITY RATE BY LEVEL F FERTILITY
AND STRENGTH OF FAMILY PLANNING PROGRAM, UNDER PAT RN or

IMPROVING FAMILY PLANNING PROGRAMS ASSUMED FOR ME IUM
(MOST LIKELY) PROJECTIONS

STRONG FAMILY PLANNING PROGRAM I1115

Fertility level
TFR 1976-1980 1981-1985 1986-1990 1991-1995 1996 -2000.

6245 and over 55.18 55.18 55.18 55.18 55.18
5556-6244 82.76 82.76 82.76- 87.76 82.76
4866-5555 110.35 110.35 110.35 110.35 110.35
4176-4865 137.94 137.94 137.94 - 137.94 137.94
3487-4175 137.94 137.94 137.94 137.94 137.94
2797-3486 110.35 110.35 110.35 110.35 110.35
2107-2796 82.76 82.76 82.76 82.76 82.76
1899-2106 55.18 55.18 55.18 55.18 55.18

Fertility level
TFR 1976-1980

B. MODERATE FAMILY PLANNING PROGRAM IN 1975

1981-1985 1986-1990 1991-1995 1996-2000

6245 and over 45.52 48.28 51.04 55.18 .05.18
5556-6244 68.97 73.11 77.25 82.76 82.76
4866-5555 92.42 97.94 103.46 110.35 110.35
4176-4865 103.46 114.49 125.53 137.94 137.94
3487-4175 92.42 107.59 122.77 137.94 137.94
2797-3486 68.97 82.76 96.56 110.35 110.35
2107-2796 43.52 57.93 70.35 82.76 82.76
1899-2106 34.49 41.38 48.28 55.18 55.18

Fertility level
TFR 1976=1980

C. WEAK FAMILY PLANNING PROGRAM IN 1975

1981-1985 1986-1990 1991-1995 1996-2000

6245 and over 34.49 38.62 42.76 45.52 51.04
5556-6244 41.38 49.66 59.31 68.97 75.87
4866-5555 55.18 6.59 80.00, 92.42 100.70
4176-4865 68.97 80.00 91.04 103.46 120.00
3487-4175 55.18 67.59 80.00 92.42 114.49
2797-3486 41.38 49.66 59.31 68.97 89.66
2107-2796 34.49 38.62 42.76 45.52 64.83
1899-2106 20.69 24.83 28.97 34.49 44.14
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Table 4. Low Estimates

ASSUMED ANNUAL DECLINES IN TOTAL FERTILITY RATE BY LEVEL OF FERTILITY
AND STRENGTH OF FAMILY PLANNING RPOGRAM, UNDER PATTERN OF

IMPROVING FAMILY PLANNING PROGRAMS ASSUMED FOR LOW
(POSSIBLE BUT ATTAINABLE ONLY UNDER STRONGEST
POSSIBLE FAMILY PLANNING EFFORT) PROJECT

Fertility level
TYR

A.

1976-1980

STRONG FAMILY PLANNING PROGRAM IN 1975

1981-1985 1986-1990 1991-1995 1996-2000

6245 and over 55.18 68.97 82.76 96.56 110.36
5556-6244 82.76 103.46 124.15 144.84 165.53
4866-5555 110.35 137.94 165.53 193.12 220.70
4176-4865 131.94 172.43 206.91 241.40 275.88
3487-4175 137.94 172.43 206.91 241.40 275.88
2797-3486 110.35 137.94 165.53 193.12 220.70
2107-2796 p2.76 103.46 124.15 144.84 165.53

1899-2106 55.18 68.97 82.76 96.56 110.36

Fertility level
TFR

B.

1976-1980

MODERATE FAMILY PLANNING PROGRAM IN 1975

1981-1985 1986-1990 1991-1995 1996-2000

6245 and over 45.52 55.18 67.59 80.00 92.42
5556-6244 68.97 82.76 100.70 118.63 137.94
4866-5555 92.42 110.35 135.18 160.00 184.84

4176-4865 103.46 137.94 161.39 184.84 206.91
3847-4175 92.42 137.94 153.11 168.29 184.84

2797-3486 68.97 110.35 120.00 129.66 137.94

,2107-2796 45.52 82.76 85.52 88.28 92.42

1899-2106 34.49 55.18 59.31 64.83 68.97

Fertility level
TFR 1976-1980

C. WEAK FAMILY PLANNING PROGRAM IN 1975

1981-1985 1986-1990 1991-1995 1996-2000

6245 and over 34.49 40.00 45.52 9.66 55.18

5556-6244 41.38 55.18 68.97 75.87 82.76

4866-5555 55.18 73.11 92.42 100.70 110.35

4176-4865 68.97 86.90 103.46 120.00 137.94

3487 -4175 55.18 73.11 92.42 114.49 137.94

2797-3486 41.38 55.18 68.97 89.66 110.35

2107-2796 34.49 40.00 45.52 63.45 82.76

1899-2016 20.69 27.59 34.49 44.14 55.18
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THE UNIVERSITY OF CHICAGO
COMMUNITY AND FAMILY STUDY CENTER

1411 EAST 60TH STREET
CHICAGO ILLINOIS 60637

October 31, 1977

Dr. Samuel Baum
International Statistical Programs Center
Bureau of the Census
Department of Commerce
Washington, D.C. 20233

Dear Dr. Baum:

(312) 753 -2518

Editor's mote: This letter and its enclo-
sures were prepared by the CFSC staff
and sent to Dr. Baum at the Bureau of
the Census. A copy was also sent to the
Global 2000 central staff.

Enclosed please find a set of summ,..ry tables for.the Community and
__Family Study Center's population projections for those areas requested

by the Council on Environmental Quality. I am sorry for the delay in
letting these to you and your staff since the October 13th meeting.

The last two weeks have kept me occupied comparing among the Census
Bureau's, the United Nations', the World Bank's and our projection
results. While some large differences are inevitable, it is heartening
that no duplication of effort occurs. I understand that the World
Bank has provided you with their figures and perhaps your independent
comparison will shed further light on our findings:

1. Base Population Data - (See Table I in folder) Our 1975 data,
i.e., the World Bank's, tend to differ on the low end from your high,
medium and pw estimates by only 1.9, 1.3 and 0.9 percent respectively.
The major differences are located in the estimates for China and South
Korea. Your low estimates and our base figures appear to correspond
fairly well.

2. Fertility Rates - (See Table II in folder) This is perhaps
the area for greatest discrepancy. We have adopted the World Bank/
United Nations' total fertility rates for 1975 except for China, Indo-
nesia, Pakistan, Philippines, Thailand, South Korea and the U.S.A..
The Asian countries, we believe, are undergoing a fertility decline
not adequately reflected in the TFRs used by the two international
agencies. Our figures have been takn from estimates by the East-West
Population Institute and U.S.A.I.D.. For this yroup of Asian nations,
the starting TFRs differ from your high, medium and low estimates by
-14.8, -7.7 and 1.3 percent respectively. (The differences can largely
be attributed to estimates for China's 1975 fertility.)

3. Projections to the Year 2000 - (See Tables A and B attached)
Because of the differences above, additional minor deviations in mor-
tality assumptions and the assumed degree of fertility decline, our
Projections px.Jduce considerably different results. Although we con-
sider our medium estimates to be our "best estimates", we have drawn
most of our comparisons using our high estimates.
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letter to SamUel Baum
October 31, 1977
Page 2

Our optimism shows through with the CFSC high projection for the
world being lower than your low projection. However, on a country-by-
country basis, our high is on the average 1 percent greater than the
Bureau's low, 3 percent low6i than the World Bank's only variant, and
2.6 percent lower than the U.N.'s low. These percentage differences
taken our different starting base populations into account. The amount
of difference over the 25-year period is not substantial.

We are considering some modifications to our ,fertility decline
schedules but probably the overall change will be minimal. In addition,
we caution that the total projections for the world and regions are
still subject to revision. We expect the spread between the high and
low e timates to increase as we refine our individual country esti-
mate . I would be interested in hearing of any comparisons you are
mak g or of any significant discrepancies you may uncover in our data.
The projections have been an extremely stimulating and educational
exercise but carry their weight in policy implications.

We would be happy to consider changes in our parameters in light
of new evidence not available to us. I am also looking forward to
visiting your Center sometime in late November. With best regards,

Sincerely yours,

Amy Ong Tsui
Assistant Director

Enclosure

cc: Richard Cornelius
Gerald Barney

z)
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Table I. Total 1975 Population Estimates for World, Major Regions, and Selected Countries,
As Estimated by CFSC and Census Bureau, and Percentage Difference'

CFSC

CENSUS BUREAU

High umMe Low

% OF DIFFERENCE WITH B.C.

High Medium Low

World 4,020,707 4,1*,049 4 90,133

I
4,043,444 -2.8 -1.7 -0.6

Major Regions
Africa 402,940 398,694 .398,694 398,694 1.1 1.1 1.1Asia and Oceania2 2,208;215 2,318,028-----"" 2,274,471 2,228,443 -5.0 -3.0 -0.9" Latin America 312,291 325,085 324,725 324,064 -4.0 -4.0 -3;8U.S.S.R. & E. Europ^3 384,407 384,336 384,336 384,336 0.0 0.0 0.0OECD4 743,686 707,906 707,906 707,906 -4.8 -4.8 -4.8

Nations
People's Rep.China 896,806 977,862 934,626 889,015 -9.0 -4.2 0.9India 607,374 618,470 618,471 618,471 -1.8 -1.8 -1.8Indonesia 1.30;496 134,988 134,988 134,988 -3.4 -3.4 -3.4Bangladesh 79,114 79,411 79,411 79,411 -0.1 -0.1 -0.1Pakistan 70,267 70,974 70,974 70,974 -1.0 -1.0 -1.0Philippines 41,817 43,029 42,810 42,630 -2.9 -2.4 -1.9Thailand 41,648 42,473 42,420 42,352 -2.0 -1.9 -1.7S. Korea 35,274 36,895 36,846 36,677 -4.6 -4.5 -4.0Egypt 37,766 36,859 36,859 36,859 2.4 2.4 2.4Nigeria 62,921 62,925 62,925 62,925 -0.0 -0.0 -0.0Brazil 106,997 108,882 108,797 108,524 -1.8 -1.7 -1.4Mexico 59,924 60,188 59,913 59,526 -4.4 0.0 0.7United States 216,625 213,540 213,540 213,540 1,4 1.4 1.4U.S.S.R. 254,394 254,393 254,393 254,393 0.0 Q.0 0.0Japan 110,955 111,566 111,566 111,566 -0.6 -0.6 -0.6Eastern Europe3 130,012 129,943 129,943 129,943 0.1 0.1 0.1Western Europe 343,768 343,517 343,517 343,517 0.1 0.1 0.1

Average
-1.9 -1.3 -0.9

1 2 U
1. Percentage difference based on CFSC estimates.
2. Excludes Japan, Australia, and New Zealand.
3. Includes Albania and Yugoslavia,
4. Northern America, Western Europe, Japan, New Zealand, and Australia.
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World (1975)

(2000)

Regions
Africa (1975)

(2000)

Asia 6 Oceania'

Latin America

U.S.S.R. and
Eastern Europe2

OECD3

Nations
People's Republic
of China

India

Indonesia

Bangladesh

Pakistan

Philippines

Thailand

South Korea
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Tab..e II. Estimated Total Fertility Rate for World, Major Regions, and
Selected Countries for 1975 and 2000 by CFSC, World Bela, United Nations,

and Census Bureau

CFSC UNITED NATIONS CENSUS BUREAU

High Med. Low WORLD BANK Hi:h Med. Low Hi:h Med. Low

, 3777 3777 3777 4393 4223 4000 4530 4265
2241 1998 1800 3759 3289 2860 3919 3310

5280 5280 5280 6297 6252 6168 6385 '6352
3763 3535 3246 5745 5195 4229 5642 5016
4201 4201 4201 n.a. n.a. n.a. 5350 4887

2000 1900 1800 n.a. n.a. n.a. 3883 ...z24

4422 4422 4422 5250 5032 4795 5399 5268
2547 2194 1829 4701

-..,

3876 3031 4495 3639

2485 2485 2485 n.a. n.a. n.a. 2369 2369
2000 1900 1800 n.a. n.a. n.a. 2672 2266

2256 2256 2256 n.a. n.a. n.a. 1970 1970
2000 1900 1800 n.a. n.a. n.a. 2533 2175

3200 3200 3200 3772 3547 3362 2911 5171 4128

2000 1900 1800 2150 2460 2255 2091 3075 2562
5500 5500 5500 5500 5699 5590 5383 5300 5300
3206 2886 2471 3353 4 6 3499 3087 4500 3500
5120 5120 5120 5524 55 5 5381 5258 5324 5324

2333 2333 1899 3379 42 4 3379 3133 4000 3500
6575 6575 6575 6575 71751 7073 6970 7000 70r^
4501 4085 3409 4353 5125 4777 4305 5000 4250
6265 6265 6265 6876 7175 6970 6724 6900 6900
4170 3583 3053 4322 4920 4510 4096 5000 4250
5505 5505 5505 6388 6380 6042 6001 5400 6071
2526 2526 2037 3162 -J30 3712 3090 3800 3200
4850 4850 4850 6200 6349 6033 5843 5168 5050

2036 2036 1800 3302 4391 3731 3444 3900 3100
3580 3580 3580 3977 3776 3550 3301 3925 3789
2000 1900 1800 2047 2809 2465 2112 3100 2500

3994
2755

6315
4044

4417
2716
5103
2895

2370
1862

1970

1856

3083

2050
5300
3000
,5324

2500
7000
3500
6900
3500
4800
2500
4900
2400
3410
2128
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Table II (continued)

CFSC UNITED NATIONS CENSUS BUREAU

Hi :h Med. Low WORLD BANK Hi :h Med. Low Hi h Med. Low

Egypt 5210 5210 5210 5210 4903 4800 4592 5819 5819 5819
2986 2596 2182 2857 4120 3604 3007 4600 3600 2600

Nigeria 6699 6699' 6699 6699 b706 6699 6699 6700 6700 6700
5761 4790 4499 -4104 6482 6104 5258 6375 5900 5000

Brazil 5150 5150 5150 5150 5120 4890 4585 5780 5726 5550
2937 2536 2122 3830 4705 3830 2740 5000 4000 3500

Mexico 6133 _ 6133 6133 6133 6465 6280 -6135 6701 6360 5912
3956 3429 2898 4402 5705 4885 4155 4700 4001 3000

United States 1799 1799 1799 2011 2508 1994 1813 1771 1771 1771
2000 1900 1800 1933 2802 2102 1803 2697 rn6 1694

U.S.S.R. 2417 2417 2417 2417 2458 2396 2314 2406 2406 2406
2029 1900 1803 2335 25A0 2335 2109 2661 2258 1854

Japan 2159 2159 2159 2159 2221 217? 2064. I 1925 1925 1925
2020 1900 1800 1889 2126 2091 2091 2390 2100 1800

Eastern Europe2 2034 2034 2034 2340 2174 2056 2270 2270 2270
2000 1900 1800 2510 2237 1992 2b80 2270 1870

Western Europe 2205 2205 2205 2169 2040 1897 2022 2022 2022
2000 1900 1800 2237 2106 1807 2420 2207 1959

' 1. Percentage djference based on CFSC estimates.
2. Excludes Japan, Australia, and Few Zealand.

r 3. Includes Albania and Yugoslavia.

Sources:

Community and Family Study Center, Population Projections 1975-2000; World Bank, Population Projections, 1975-2000;
United Nations, Selected World Demographic Indicators by Countries, 1950 -2000. ESA/P/WP.55, 1975; Bureau of the
Census, Population Projections for the World, Major Regions and Selected Countries: 1975 to 2000. Oct. 13, 1977.
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TABLE A

ADJUSTED DIFFERENCES BETWEEN CFSC POPULATION PROJECTIONS FOR 2000 F01 _K
SELFCTED COUNTRIES AND THE UNITED NATIONS, BUREAU OF THE CENSUS AND WORLD

BANK'S PROJECTIONS1

YEAR 2000

COUNTRY CFSC
PROJECTIONS

U. N.
(LOW)

BUREAU OF
CENSUS (LOW)

WORLD
BANK

People's Republic
of China

1,138,447 -20,017 -47,204 -50,082

India 967,:22 3,271 11,131 9,409

Indonesia 194,387 -22,222 -8,047 -18,411

Bangladesh 157,978 10,704 7,035 11,597

Pakistan 134,561 -2,008 7,063 -2,616

Philippines 73,348 -6,990 7,981 -1,758

Thailand 67,034 -14,593 -1,217 -8,662

South Korea 48,748 -1,312 -2,863 -3,029

Egypt, 61,155 835 883 1,781

Nigeria 126,850 162 -1,899 -2 980
1,

Brazil 191,148 4,868 -19,962 -14,115
.

Mexico 125,335 707 13,908 -712

U.S.A. 244,861 -9,496 7,046 -6,464

U.S.S.R. 304.005 -934 8,890 15,692

Japan 130,975 -334 2,805 -2,455

1These differences are adjusted for differing 1975 base population fig-
ures. The CFSC projections represent the high variant.

Prepared by the Community and Family
Study Center, October 1977
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112 THE POPULATION SECTOR (AID/CFSC)

TABLE B

PERCENTAGE DIFFERENCES (ADJUSTED) BETWEEN CFSC POPULATION PROJECTIONS
FOR 2000 FOR SELECTED COUNTRIES AND THE UNITED NATIONS, BUREAU OF THE

CENSUS AND WORLD BANK'S PROJECTIONS'

YEAR 2000

COUNTRY
CFSC

PROJECTIONS
U. N.
(LOW)

BUREAU OF
CENSUS (LOW)

WORLD
BANK

People's Republic
of China

1,138,447 -1.9% -4.2% -4.4%

India 967,732 0.3 1.1 1.0-

Indonesia 194,387 -11.0 -4.0 -9.5

Bangladesh 157,978 7.4 4.4 7.3

Pakistan 134,561 -1.5 5.2 -1.9

Philippines 73,348 -9.^ 10.7 -2.4

Thailand 67,034 -21.7 -1.8 -12.9

South Korea 48,748 -2.8 -5.6 -6.2

Egypt 61,155. 1.4 1.5 2.9

Nigeria 126,850 0.1 -1.5 -2.3

Brazil 191,148 2.5 -10.3 -7.4

Mexico 125,335 0.6 11.2 -0.6

U.S.A. 244,861 -3.9 2.9 -2.6

304,005 -0.3 2.9 -5.2

Japan Aer 130,975 -0.3 2.1 -1.9

Prepared

1
Percentage differences
ulation figures. CFSC

by the Community and Family Study Center, 10/77

are adjusted for differences in 1975 base pop-
high projections used for base.



3 The Gross National Product Sector

Introduction

The U.S. Government does not have a world economic
model capable of making disaggregated gross national
product (GNP) projections for 20 years or more. Conse-
quently, it was necessary to, assemble a set of GNP pro-
jections from several sources. The various sources and
their use in the Global 2000 Study are explained in Chap-
ters 3 and 16 of Volume 2.

Only Incomplete docuMentation could be obtained for
the various sources of GNP projections. The best docu-
mented GNP source is the SIMLINK (Simulated Trade
Litskages) model, used by the World Bank, but even this
model's documentation is badly dated. The best avail-
able documentation on SIMLINK is excerpted here from
the SIMLINK Model al Trade and Growth for the Devel-
oping World. published in 1975.1 Several additional ver-
dons of SIMLiNIC have been developed and put to use,
but more current documentation is not available.

The SIMLINK model is not normally used to make
projections beyond 1985, but in 1976 the World Bank
Staff assisted the Workshop on Alternative Energy
Strategies (WAES)' in developing GNP projections to

AD

the year 2000. On the recommendation of the World
Bank staff, the Global 2000 Study used the World
Bank/ WAES GNP Projections.

Unfortunately, there is very little documentation of
the World Bank/WAES GNP projections. What infor-
mation is available is presented in a few pages of the
Third Technical Report of the WAES study.' The five
relevant pages of the WAES report are reprinted here.

Rehreoces

1. The SHANK Model of Trod* and Growth for the Developing
World, World Bank Staff Working Paw No. 220, Washington:
World Bank, Oct. 1975, pp. 1-34 and Appestats 1 and n. (A pub-
!LW paper by Norman L. Hicks presents much of the same infornsa-
tiom "A Model of Trade and Growth for the Developing World,"
European Economic Review, vol. 7, 1976, pp. 239-550.)
2. Carroll L. When, project dkectar, Stagy: Global Prospects 1915 -
?000, New York: McGraw-Mk 1977.
3. Energy Supptv-Denttind Integre:ions to the n412000: Global and
National Studies, Canon L. Wilson, project director, Paul S. Basile,
ed., Third Technical keport of the Workshop on Alternative Energy
Strategies, Cambridge, Mass.: M.I.T. Press, 1977, pp. 217-221.
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F.411tor's mitt The following material is taken from The SIMLINK Model of Trade
and Growth for the Developing World, World Bank Staff Working Paper No. 220,
Washington: World Bank, Oct. 1975, pp. 1-34, and Appendixes I and II.



THE SIMLINX MODEL OF TRADE AND GROWTH
FOR THE DEVELOPING WORLD *

I. Introduction and Background

1. The economic events of the past two years have made the

linkages between the world's economies even more obvious.

International inflation and rapid changes in Commodity prices and

rates of real growth in the developed world have had both

favorable and unfavorable effects on the developing countries. 1/

The Bank's SIMLINK 1 model has been designed to, allow the full

range of these effects to be estimated simultaneously, analysing

trade linkages and the growth prospects of developing countries

under alternative scenarios of growth and inflation in the

developed world, petroleum prices and capital flows. The model

is not a theoretical breakthrough, but combines existing modeling

techniques into a comprehensive system which can provide inputs

for pclicy decisions relatively quickly.

2. In recent years modeling work involving developing countries

as largely been along three broad lines: country odels,

in ernational trade models and commodity. models. While each

app oech can yield useful insights, none can be used alone to make

defi itive statements about the linkage effects of world events.'

1/ In this paper, "developing countries" or "LDCs" refers to all
dev loping countries except for members of OPEC and centrally
pl nod economies ICPEs). "OECD" countries refers to the more

.ind trialised members cf the Orgnnialtion for Economic Cooperation
and evelopment,' excluding Greece, Portugal, Spain, Turkey,
Icel nd and Yugoslavia.

1 For imulated Trade Linkages.

* The a thor wishes to thank Hollis Chenery, Wouter Time,
Jean aelbrosok and Nicholas Carter for their advice and guidance,
and B. Dow, F.P. Jen and X. Malik for their computational
tests anti.
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3. Country Models generally take the foreign sector to be

largely exogenous, and one which exhibits perfect competition.

The demand for imports or supply of exports by the country

being modeled is assumed not to affect the international prices

of these commodities since most developing countries have a small

share of the total market. 'Apart from the technical difficulties

involved, where large scale models differ widely in scope,

aggregation of country models would provide no assurance that the

results will be consistent: the sum of the import and export

price and volume estimates for a group of models would only

fortuitously be in line with world demand and supply.

4. International Trade Models. Constructing a matrix of

international trade flows, and distributing world imports,and

exports among countries according to past trade relationships,

ensures that total world imports will equal total world exports,

and that the estimated trade balances of a group of countries will

be consistent with each other. However, the system begins to

get unwieldy if it is broae:ned to include price effects and the

feedback effects of exports on growth and imports. A more

comprehensive approach has been attempted in Project LINK, starting

with large econometric models of developed countries, and

estimating an entirely consistent set of both national and inter....

national volumes and prices. At present, however, LINK lacks

detailed models of the developing world, and .t.s main thrust

has been toward short term estimates of trade and growtY ratocf

than longer range projections. LINK's large size and shr.
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term nature make it difficult to use for rapid policy

. simulations for long run projections as required by the Hank.

In addition, LINK does not yet develop commodity details. 1/

5. Commodity Models. Examining world trade on a commodity

by commodity basis is a very useful approach for working with

LDCs, since most of their exports are primary products which are

homogeneous in char(cter and traded on world markets without

differentiation as to source and destination. However, commodity

models, like country models, are generally solved in isolation

cne from the other. This may be misleading for certain

commodities with substantial substitution por3ibilities. A

combination of commodity models w ensure that country price

and volume projections for the commodities in question were

.consistent with the world market, but 'the diversity of existing

models = using different dates and time periods, and with very

different levels of aggregation - would present a major problem. 2/

II. The SIMLINK Approach

6. SIMLINK combines elements of all three of these approaches.

In it, exports of the developing countries are related to the level

of economic activity in the industrialized countries through a

series of individual commodity models. Growth in the developing

countries is linked to investment levels and imports; the latter,

in turn, are tied to export earnings and the inflow of external

1/ See R.J. Ball, ed. The International Linkage of Na*.ional
Econometric Models (North Holland, Amsterdam, 1973'.

1/ For a survey of some commodity models and commodity modeling
techniques, see W. Labys. Dynamic Commodity Models: Specification,
Estimation and Speculation, (Lexington, Mass., 1973).
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capital (as indicated by the real resourd transfer, or blance

on merchandise and non-factor services). The model may be run

either to determine the import and GDP growth levels to be

anticipated in developing countries, given a particular capital

inflow and set of GDP growth rates in the OECD countries, or it

may be run to determine the real resource transfer needed to

support a specified target growth rate of GDP in developing countries,

given expected developments in the OECD countries. It may be

thought-of as being block recursive in the following steps:

a) the rate of growth of output and prices in the

developed world (largely the OECD countries)

are taken as exogenously determined. Since the

developing countries have little feedback effect

on the developed world this is felt to be a

reasonable assumption;

b) commodity models are developed or adapted for the

major primary exports of the developing countries,

to project prices and volumes for these products.

The price of petroleum, however, is taken as

,exogenous;

c) exports of manufactures and services from developing

countries are projected on the basis of historically

estimated elasticities with respect to OECD growth.

Prices for these items are projected on the basis of

exogenously,forecasted rates of inflation in the OECD;
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d) the commodity trade volumes and prices so

calculated are translated into export volumes

and both import and export prices, for seven

groups of develOping countries;

e) a simple-growth model is developed for each

of the seven groups, relating the growth of

imports' to growth of output and investment.

These models are then solved for that level of

GDP growth which equates total imports with the

capacity import, based upon exports, the terms

of,trade, and exogenously specified levels of

capital inflow. They are also solved using

exogenous target GDP growth rates, to give an

estimate of the foreign capital required to meet

those targets.

'7. At present SIMLINK contains 14 commodity models with a

total of about /9 ;!;iuctural equations; 11 equations for estimated

exports of manufactures and services, and 7 regional models with

8 equations each.' Ignoring definitional equations and identities,

the model has a total of 146 structural equations. While compre-

hensive in nature, it thus remains simple enough to be calculated
4

quickly. It is generally estimated using ordinary least squares

techniques and is largely recursive in nature; though there is

some simultaneity in certain parts, mainly related to the individual

commodity models. Figure i gives a rough idea of the flow from

the exogenous input to the output. The span of data used depends

largely mavailability; the estimated coefficients are based on

data ranging over the past 6 to 20 years.
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III.' The Model in Detail

8. The model starts with a data base for a sample panel

- of 40 developing countries which account for about 85% of the

population of the developing market economies (excluding OPEC

members). Based on 1973 data, the panel receive over 80% of

the net disbursements on public loans and account for over 80%

of the external public debt (outstanding and disbursed). Their

share in the aggregate GNP of developing countries is slightly

smaller - 76% in 1973. They account for 70% of the exports of

developing countries in all regions except East Asia and the

Mediterranean - in these two regions the trading role of a few

non-sample panel countries (notably Singapore, Hi:mg Kong and Spain)

lowers the panel's coverage to about 61% (based On 1973 data).

For the purposes of the model, the sample panel countries are

aggregated into seven "regions" or groups, which are shown in

Table 1.

121

A. Commodity Models

9. A matrix of export shares in 1972 for 35 primary products and for

manufactures an services was constructed for these seven groups,

from data compil by the Commodities and Export Projections Division

of the Bank 1 and .from U.N. Trade Yearbooks. Of the 35 primary

products, only a ut 15 account for a substantial share of the

exports of any one ,gional group. Models were developed first

for the most important commodities (excluding petroleum), and are

1/ See "Commodity Trade and Price Trends", IBRD Report No. EC-166/74,
August 1974, and also Appendix I, Table 2 below.
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Table 1: SAMPLE PANEL coma GROUPINGS

1. Low Income

a. South Asia (14)

2.

India
Bangladesh

Sri Lanka
Pakistan

b. East/Central Africk (6)

Kenya Ethiopia
Tanzania Mali
Uganda Sudan

M1 -8
a. Mediterranean (6)

Egypt Greece
Syria Turkey
Tunisia Yugoslavia

b. West Africa (a

Cameroon Senegal
Ghana Sierra Leone
Ivory Coast

c. East Asia (4)

Korea Thailand
Philippines Malaysia

d. Latin America Q.1

Argentina Guatemala
Brazil Mexico
Colombia Peru
Dominican Republic Uruguay

e. Mineral Producers...171 bi

Chile Morocco
Bolivia Zaire
Jamaica Zambia
Liberia

a/ -1971 per capita income leas than $200.

IV All mineral producers are in the middle income group except Zaire.Results
for this "region° are divided among the two income groups according to
Zaire's proportion of total GDP, imports, etc.
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summarised in Table 2. Exogenous price and volume estimates have

been used for a few impolcant commodities for which it proved

difficult to develop useful models, some of them, like wheat, cotton

and tobacco, influenced in the past by U.S. surplus policies.

Work is continuing in an attempt to expand the system to include

both better models and models for commodities not presently covered.

10. Supply. It is difficult to summarize in a small` space the

work of different researchers on these eleven models. 1/ On the

supply side, they assume a distributed lag response by producers

to past prices, based on biological and information lags. The

--general-formaf-the supply gtquati:On-aan be expressed as

Q.
(Pit-11 Pjt-2'; ...Pit-n' Y,

01, 02, ...On) (1)

where Q is the supply of the jth commodity, Pj is its real price

lagged by an appropriate number of time periods, Y is real OECD GNP

in 1963 dollars, and the 0's are other variables. In nost cases,

total supply Qj is the sum of two or more supply equationS estimated

on a regional or country basis in order to capture the different time

lags apparent in different areas of the world. The lagged prices

Pj . Pj
t- t-n

were often dropped in favor of simple lagged supply,

Qj . , thus introducing the assumption of a distributed lag with
t-1

geometrically declining weights. 2/ In some cases, such as rice,

whe're world prices are largely determined by exports and a large

part -of production is not exported, the model deals only with exports

rather than total world production.

1/ Complete equations are given, along with their statistical
properties, in Appendix II.

2/ For a discussion of the use of the lagged endogenous variables as
. a transform of the distributed lag equation! see Zvi Griliches,
"Distributed Lags: A Survey", Econometrica, Vol. 35 (January 1967),

p. 16.

13:3
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The prices of substitutes were important in only a few commodity

models: rice (wheat), tin (aluminum) and fats and oils (other fats

and oils). Diammyyariables were inserted to reflect unusual

conditions present in certain years, many of which can be traced

to weather fluctuations. Most of the models were estimated

econometrically with annual time series data from the 1955-72 period,

although the time period differs slightly in each model. In certain

regions where no econometric relationship could be uncovered, an

exogenous supply estimate has been used (see Table 2).

11. Demand. The price formation or demand side of the models

was generally estimated in one of two ways. In some models, prices

were estimated to be a direct fiction of world supply and demand,

giving an equation of the following form:

gi 1(Y, Q 0 ..O1, 0
2'

On) (2)

where Y is total OECD GNP, Q is the total of world exports or

production, and the Oi are other variables important in price

determination (for example, the prices of substitutes, dummy
(11

variables, and the rate of world inflation). An alternative to

the simple direct price formation equatiop (2) above is the

slightly more complex.stock adjustment approach. Here, the

demand vector determines consumption of, the commodity in question.

Inventories or stocks are defined as current production less

current consumption plus stocks from the previous year, and real

prices are determined by the level of'stocks (which may be expressed

as an inverse relationship or as a ratio to total'production).

1 10
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This three- equation method of determining prices can be summarized

as follows:

Cj = f (Y) (3)

S3 = S.
3t-1

+ Q.
3

- C.
3

(4)

f (Si)P3 =
3

(5)

whereC.standsforconsumptionandSi for end year stocks, with

only the lagged variables subscripted for time. Other variables

may be included in the consumption and price equations, although

these are not included in the notation above. Equations (3) to (5)

can be reduced to equation (2) by substitution, so 'that by using

equation (2)- one is merely es.eaating directly a reduced form of

the stock adjustment equation.

12. Sensitivity to Inflation. The P, are estimated in real:

terms, by deflating current prices using the Bank's International

Price Index (IPI). 1/ Since the supply equations are also related

to real rather than current prices,
'
most of the commodity models

are found to be neutral in their response to changes in the rate

of wold inflation. Certain models'-- coffee, sugar and rice

were exceptional in that the index of world inflation was found to

be an important independent variable. In general, the higher the

rate of world inflation the lower the real prices of these commodities. 2/

if An index of prices of developed countries' manufactured
exports to all destinations. See Table 7 below.

2/ This appears to confirm the hypothesis that developing countries
suffer during periods of sharp world inflation because the prices
of most of their exports fail to keep up with other prices. But
it should be point'd out that the lag is ,somewhat temporary, and
that eventually real prices tend to adjust. This suggests that
perhaps sellers fail to note other world prices effectively, or
that sales are made in advance of production and delivery and that
acceleration of inflation rates is generally unexpected.



Commodity Author

TABLE 2: Commodity Models Summary

Exog.No.of Equations No.of Supply No.of
Total Structural Equations2/ Supply Est.

Iron Ore F.Pinto 6 3 1 0

Fats 6 Oils-
1/

P.Pollak 25 24 0 12

\\

Copper F.Pinto 7 5 0 2 0

Rice N.Hicks 8 6 2 2

Sugar E.Brook/P.Pollak 15 13 7 0

Beef N. Hicks 6 5 4 0

Tin F. Pinto 5 4 1 0

Cccoa N. Hicks 9 7 5 1

Rubber J. Gunning 7 6 4 1

Tea N. Hicks 3 3 1 0

Coffee J. de Vries 13 10 6 0

11 V& Covers groundnuts, groUndnut oil, copra, coconut oil, palm oil.

2/ Excludes exogenous supply ettimates.

Prices Belated to:

Exogenous.

OECD income, sugar exports, prices
of substitutes.

OECD incometifagged prices, mine prod-
uction, lagged consumption.

OECD income, rice exports, wheat price
inflation.

Excess consumption - production ratio.
lagged prices, food price inflation.

Income W. Europe, production.

Stocks: consumption, lagged prices,
price of aluminum.

OECD income, production, lagged stocks,
lagged average prices.

Stock changes, lagged Prices.

Production, time trend.

Production, lagged prices stocks,
inflation, lagged consumption.

14

0

P

0

a
0
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13. "Residual" Commodities. For primary products not covered

by the existing commodity models, a more general formulation has

been used to project volumes and prices. First, they are aggregated

into three broad classes: food, agricultur non-food, and metals

and minerals. Increases in the prices of these "residual" commodity

groups are estimated using the following equation:

P (6)

Ed

where p' is the percentage increase in piice for the commodity

group in question; y' is the growth rate of OECD real GNP;

-51-' isan-exogenous estimate of the growth rate of supply; and E
y

and Ed are the respective income and price elasticities. The

values of the parameters used in the mode] for this equation are

given in the table below, and are based on estimated provided by

the Commodities and Export Projections Di'iision of the Bank.

Table 3

Residual Commodity Model Coefficients

Group Ey E
d

s'

Agric-Food 0.5 -.5 4.0

Agric-Nonfood 0.9 -.7 5.0

Minerals and Metals 1.1 -0.5 6.0
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B. Manufactured Exports 1/

14. A slightly different approach is used for developing

countries' manufactured exports. Firstly, since these countries

account for a relatively small share of total manufacturid exports,

it is assumed that supply and demand are not reconciled via the

price mechanism. Tot4 demand by the OECD and centrally planned

countries for manufactured exports from LDCs,is allocated among

the seven groups of sample panel countries according to market

shares based on initial exogenous estimates of the growth of supply.

To estimate income elasticities of demand, log-log regressions-,

were run,using cohstant prices,between the GDP and manufactured

imports from LDCs (regardless of source) of groups of OECD

countries and the centrally planned economies. The data for these

regressions are based on U-.N. trade data and cover the period

1965-72. The results are summarized in Table 4 below:

Table 4

Incoie Elasticities for Imp arts of Manufactured
Goode from Develuins_Countrieu

4.4 . 4 4. -am 444...4 .4. ...a...4

t

4.

-2

44* - 4.

yba.
Japai/Oceanis 2.24 7.4 .8S5
Western Europe 2.62 9.9 .933
North America 5.36 10.9 .943Centrally Planned 2.27 6.3' .849Economies

40'
N

-1/ Here defined as SITC 5-8,.excluding SITC 68 (non-ferrous metals)

145
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15. These rather high elasticities have to be adjusted for

two factors. First, they relate to 68 developing countries

including Hong Kong, Singapore and Taiwan; and second, they

obviously take no account of manufactured exports to other

developing, rather than to developed, countries. So as to avoid

overstating export demand, the export growth rate calaculate4 for

the 40 sau1'e panel LDCs between 1965 and 1972 -- 12.2% per annum

is compared with the rate of growth of import demand in OECD

countries (from all LDCs) for the same period'-- 15.7% per annum --

both in constant prices. The _ratio of these two growth rates

(0.777) is used to adjust the original elasticities downward.

16. An estimate of the aggregate supply of manufactured exports

from developing countries is used to arrive at the market shares of

the seven regional groups, taking account of historical growth

rates in constant prices for the period 1.965-72. For two regioni,

South Asia and East/Central Africa, political events between

1970-72 meant that manufactured exports grew at lower than

historical rates, so the growth rates for 1965-70 are used instead.

These supply estimates; each region's share of total sample panel

exports of manufactured goOds; and the importance of manufactlired

goods in total exports from sample panel countries are shown in

Table 5:

146
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melitl: Manufactured Exports

(1)

by Sample Panel Groups

(2) (3)

Distribution of Marrift.,Exports
LDC Mani. Share or Total
,Exports LDC Exports
(1972) 1972

,..m.
Growth Rate of

Manufactured
Exports

p.a.) (2) 2)Mineral Producers 13.8 2.1 3.8South Asia
East Africa a/

6.0-
16.6

.8
32.2
3.5Mediterranean 10.4 26.8 26.0West Africa 7.2 2.1 8.9'East Asia 26.8 26.4 26.6Latin America 19.8 25.2 14.9

Total: 40 LDCs 12.2 100.0 19.1

a/ for period 1965-70

17. Using the 1972 percentage distribution (column 2) a

weighted average growthrate of supply of manufactures Is

calcu.Lated, and compared to the average growth rate of demand,

weighted according,to the shares of OECD and centrally planned

country groups in total demand. The initial estimates of the

growth rate .of supply are then adjusted such that the growth

rates of aggregate 4ply and demand are equal. Algebraically,.

if SM
i

is the initi , supply growth estimatefor the ith LDC region,

and DM.
3

is the demand growth. estimate for the jth developed regicn, and

wdi,and wsi are the appropriate weights, the final export growth

rate for the ith region ( .XM1 ) is given as:

4

(x DM wd
J

)

L4 SMi 1 -1
7

( x SMi wsi)
1=1.

(7)
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C. Service Exports

18. Services are another very important source of export

earnings in LDCs, but are often ignored in trade models due to the lack

of data on an origin-destination basis. Data for non-factor

service exports were obtained from the World Bank's Socio-Economic

Data Bank, in current prices for each region for the period 1964%,-72.

It was assumed, once again, that the OECD is the principal source

of demand for these services, which include tourism, travel and

shipping services.

19. As with manufactures, the OECD was disaggregated into three

regions: North America, Western Europe, and Japan/Ocer,nia.

Regressions were then run to estimate demand elasticities with

respect to the GNP of each of the OECD Regions, with the best

estimate being used in the model. Since-the observation period

is relatively short, only single 7ariable regressions were attempted.

While the income of the Japan/Oceania region did not prove signi-

ficant for any sample panel region, 7. combination of Japan/Oceania

and North America did work well for three regions, with Western

Europe proving best for another two, and total OECD accounting for

the remaining two. The results are shown in Table 6 below. 1/'

Unlike the manufactured export regressions, the non-factor
service regressions are done,in current prices. In the model,
the.projected current pride service exports are deflated by
the implicit GNP deflator of the OECD countries to convert to
constant prices.

it
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Tab, le 6: Exports Services

/.1.,.117,+=.WWW.
Servict Exports' -2

LDC Group to Total ;.,sports SNP t

Mineral Producers 18.2 W. Europe 1.006 16.09 .974
South tia 7.2 Total OECD .448 8.54 .947
Emit/ ..tral Africa 26,9 Total OECD 1.311 8.55 .911
Med:. erzanean 35.9 W. Europe 1.244 15.10 ,970
Wic Africa 27.2 Total OECD 1.920 15.45 .971
East Axial 17.8 Japan and

N. America .959 4.59 .742
Latin AMerica 23.6, Japan and

N. America 1.288 28.89 .992

20. The estimated equations all show good fits with respect to

their demand vectors, and all of the income elasticities are signi-

ficant at th 95; confidence level or higher. It is interesting to

note the wide differences in elasticities, from .45 for South Asia

to 1.9 for West Africa. Areas with a highly developed tourism

sector seem to have higher elasticities than those without, and this

is probably the major,factor explaining these regional differences.

The 1.9 elasticity for West Africa appears to be unusally high and

was probably influenced by the very rapid development of tourism in

this region during the past few years. Conseauently, this coefficient/

was lowered to 1.4 fdr projection purposes in the model.

D. Prices and Inflation

21. The consistency between cu:rent and constant price estimates

is maintained by'use of a series of international price deflators.

The four main indices of wor1u inflation that a,:e used in the model

are shokn in Table 7. _PI is used both to inflate projected real
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la221!-Z.

Inflation Assumptions

1967 -69 -100

Ink/ IPICAP1/ IPIKKi/

Index
Xage

Change Index
%-ge

Change Index
%age

Change Index
%age

Change

1960 76.5 - 90.9 - 91.3 - 92.6 -

61 79.8 4. 92.9 2.2 92.6 1.5 94.2 1.6

62 82.9 1., 92.9 0.0 93.5 1.0 93.9 -0.2

63 86.4 4.2 93.6 0.7' 95.1 1.7 94.5 0.5

64 89.4 3.5 94.7 1.2 95.9. 0.8 95.3 0.8

65 92.6 3.6 96.4 1.8 96.8 ' 0.9 97.0 1.8

66 95.2 2.8 98.4 2.1 98.8 2.1' 98.7 1.8

67 97.8 2.7 99.4 1.1 99.7 1.0 99.5 0.8

68 99.1 1.3 98.4 -1.0 98.4 -1.3 98.4 -1.1

69 103.0 3.9 102.1 3.8 101.8 3.5 102.1 3.8

1970 110.2 7.0 109.4 7.1 109.0 7.1 108.9 6.1

71 120.6 9.4 116.5 6.3 118.0 8.2 114.4 5.1

72 135.4 12.3 126.6 8.8 129.1 9.4 121.2 5.9

73 149.2 13.5 149.6 18.2 14? 9" 14.5 144.' 19.4

74 164.0 9.9 182.2 21.8 171.8 16.1 178.2 23.2

75' 183.7 12.0 202.0 10.8 191.0 11.2 199.6 12.0

76 201.7 9.8 219.9 $.8 208.5 9.2 219.1 9.8

77 218.8 8.5 237.5 8.0 225.6 8.2 237.7 8.5

78 236.4 8.0 255.4 7.5 242.9 7.7 256.7 8.(

79 254.1 7.5 274.6 7.5 261.1 7.5 276.0 7.5

1980 271.9 7.0 293.8 7.0 279.4 7.0 295.3 7.0

1/ An index of the implicit GNP price deflators, convertif:d to U.S. dollars, of USA;

France,, Germany, Italy, Japan and U.K.

if An index of manufactured import prices for LDCs,besed on SITC categories 5
through 8 (f.o.b. prices of manufactured exports or OE(' countries to all
dei.tinations, adjusted for the freight component of c.i.!. costs).

3/ An index oc capital goods (SITC 7 only) import prices for LDCs.

4/ An index of developed countries' manufactured export prices, basically the
same as IPI but on a f.o.b. basis, and using LDC export wefghts.

NOTE: Based on U.N. trade indices for export prices from deVeloped countries of
SITC categories 5 through 8 (manufactures) and SITC 7 (capital goods).

IBRD 'staff estimates of freight cos..s.
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commodity prices to current prices and to E as a price index

for manufactured imports by developing countries. IPIXM is used

to in late the value of exports of manufactures from developed

countries. IPD is used to convert the GNP growth of OECD countries

from real to current terms, and to inflate the value of non-factor

service imports and exports. IPICAP is used to inflate the value

of exports of capital goods from developed countries.

22. For each of the seven sample panel regions, SIMLINK

constricts an index of export value and export volume using the

1972 weights shown in Appendix I, Tables 1 and 2. Regional export

price indices (XPI) are determined by the export value and volume

indices: by using the XPI, real export prices are converted to

current prices, and, using 1972 weights, the export price index

is then calculated in current prices. Regional import price

indices (MPI) are made up from series of 5 basic indices for each

region, constructed on the basis of imports in 1972 divided by

end-use class into food, intermediates, fuels, capital goods and

non-factor services. The price indices for capital goods and

non-factor services.are based on assumed international inflation

rates. The price index for fuels is assumed to equal that for

petroleum. For food imports, a weighted price index is constructed

using the commodity prices generated by the model. 1/ The weights

used are based on an analysis of the composition of food imports

of the larger developing countries.

1/ The Commodities included and their weights are: wheat, 40%;
rice, 15%; maize, 5%; sugar, 15%; tobacco, 5%; groundnut oil, 15%;and beef, 5%.

151
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. E. Regional Growth Models

23. The regioni indices of export value, export volume and

import prices are applied to 1972 base data in 1967-69 prices tc

derive estimates through 1980. Export values, expressed in

constant dollars, are then adjusted for chanTI. in the terms of

trade to produce "exports-adjusted" (XADJ), so that they reflect

true import-purchasing power. The adjusted exports for each region

are defined as: 1/

XADJ = XPI
X (8)

MPI

Where X represents exports in constant prices, and MPI and XPI

are the relevant regional import and export price indices, respectively.

Total import capacity (Ma) is then defined as the sum of XADJ

and the capital inflm available, or resource gap (RG
a
). Capital

inflows are estimated exogenously, according to analyses of countries'

creditworthiness and the availability of external capital. 'The term

"capital" used here is defined as the net transfer of resources from

foreign savings, or the "gap" betWeen the cost of imports and

foreign exchange earnings from exports of goods and non-factor services.

M
a

= XADJ + RG
a

(9)

1 All variables are for period t and region i, unless
subscripted differently.
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Imports and Growth

24. Much discussion has taken place over the relPt unship

between imports and growth, and the importance of foreign exchange

versus other constraints in the developing world. 1/ Some authors

have contended that there is no relationship, or that increases in

imports (particularly those financed from increases in capital

inflows) result in lower savings, higher consumption and no

appreciable increase in growth. 1 Such analyses have tended to

examine imports in the aggregate, and their relationship to total

GNP. In fact, LDC imports are a very non-homogeneous mixture of

capital goods; intermediate products and raw materials; and foodstuffs

and other consumer goods that ere rot related to capital formation

and production. The imports of foodstuffs are often inversely

correlated with growth, since they often supplement declines in

domestic agriculture! production. In most of the better country.

Models, imports are disaggregated in some fashion, usually by end-

use classfes,' and related either to sector outputs or some part of

GNP expenditure.

1/ H. B. Chenery and Alan M. Strout, "Foreign Assistance and Economic
Development", American Economtc Review, LVI. (Sept. 1966), pp. 680-733.
J. C. H. Fei and Gustav Rents, Foreign Assistance and Economic Developsent: Comment, "American Economic Review," LVIII (Sept. 1968, pp. 897-
912, Henry J. Bruton, fffis Two -GapAgnpach to Aid and Develop.ent:
Comment, "American Economic Review, LIE (June 1969), pp. 439-448.

2/, K.G. Griffin and J.L. Enos, "Foreign Assistance: Objectives
and Consequences",Economic Development and Cultural Change,
XVLLL (April, 1970) pp. 313-27
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25. Following the same approach, a general model of growth

and imports was formulated along the following lines:

First, industrial production is assumed to be a linear function

of total GDP: 1/

YIND = al + ID]. GDP (value-added, industry) (10)

Investment is a function of the increment to GDP and lagged

investment, on the style of the flexible accelerator where the

desired capital stock adjusts with a distributed lag. In this

case the implied lag is of the Koyck type, or one having,gecmetrically

declining -/eights:

I = a + b (GDP-GDP ) + b- I (gross investment) (11)
2 21 t-1 22 t-1

Imports of capital goods are then related linearly to investment,

intermediate goods to value added in industry; and imports of fuels

and non-factor services to total GDP,or:

MCAP = a
3
+ b

3
I (imports, capital goods) (12)

MINT = a
4
+ b

4
YIND (imports, immediate products) (13)

MFUEL= a
5
+ b

5
GDP (imports, fuels) (14)

MSER = a
6
+ b

6
GDP (imports, non-fictor. services) (15)

26. It was initially proposed to relate imports of food to

private consumption and to agricultural Foduction, and imports of

other consumer goods to private consumption expenditures. However,

in almost all cases the results of so doing were non- significant or

had the "wrong" signs (in the case, of food it can be expected that

imports vary inversely with domestic production, and directly with

consumption). It appears that imports in both these categories are

1/. All a's are constant terms, and all b'sare estimated coefficients.

1 5 1
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heavily influenced by the level of foreign exchange available to

finance them. The proxy for foreign exchange availabilities was

taken to be the actual level,of imports of goods, so that the

coi..bination of food plus other consumer goods imports was simply

related to this variable: 1/

MCF = a
7
+ b

7
MG

(16)

Total (actual) imports of goods is defined as:

MG = MCAP + MINT + MFUEL + MCF '(17)

and total import demand, at a given level of GDP, as:

M
d

= MG + MSER
(18)

where the d subscript denotes import demand, as opposed to the

capacity to finance imports, M.

Two Versions of the Model

27. So far the, discussion in this section has focussed on the

availabilities version of the model, in which capital availabilities

are exogenous. In this version, an eq'iilibrium condition is enforced

such that import demand must equal the capacity. to import, or

Md = M
(19)

The model is then solved, for that level of GDP and GDP growth which

will satisfy this Condition.

1/ In South Asia,and East/Central Africa exogenous estimates of MCFare used, based on a projected increase in foodgrain imports andconstant imports of other foods and consumer goods. In the basecase, c growth rate of 3.5% is used for foodgrain imports inboth regions.
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28. In the requirements version, target GDP growth rates (g)

are specified exogenously for each region:

GDPt = GDPt_i (l+g)

The capital inflow that is required to support such a growth rate

(RGr) is determined as the difference between import demand and the

capacity to finance imports, based on export earnings:

RG
r

= Md - XADJ (21)

(20)

29. Hence the requirements version drops equations 9 and 19

from the model and uses 20 and 21 to determine a capital inflow
NOP

endogenously from a predetermined growth level. The additional

capital requirement (ACR) is defined as the'difference between

the capital available-and that required to attain the grOwth

target:

Or :

ACR =RGr - RG
a

ACR = Mr - Ma

(22)

(23)

Savings Rate
y

30. Domestic savings (GDS) can be determired residually from

the identity:

GDS = I - RG

This residual determination of savings is the necessary consequence

of the structure of the model which considers foreign exchange,

rather than savings, capital or labor, as the binding constraint

on growth in the developing world. While this is a serious

simplification, since the model is being used to project over a period

when deteriorating terms of trade and low export volume growth will
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TAMS: SUISItiff07180101111t1OPISS10135

Elf sk bk 1IND IIPUSL as Er a7 b7

b
(V)

-2 (15

(i)

1CAe3 b3 I

a3

(ii

-2

Mammal Producers 307.5 .3120 .505
(485)

South Asia .1111/

'last Lfrics 62.2 .2773 .646

(8.0)

Mediterranean -420.6 .2731 .746
(10.2)

Vest Africa 178.0 (.2069 .414

Best Asia -55.2 .3423 .727

(7.11)

lain America -1377.3 .2365 .929
(18.8)

337.3 .237' .301 .2015 .0255
(3.6) 14.2)

428 -
ic,

-384.6 .0089

(4.04)

84.6 .4372 .430 -3.2 .0377
(5.14) (3.17)

160.7 .217 .637 -135.0 .0128
(7.84) (6.69)

285.4 .449 .392 7.5
(.1005846)

684.5 .1275 .617 -432.6 .0176
(5.53) 49.22)

-282.2 .1179 .o97 - 262.0 .0071
(7.89) (4.58)

I 82 b21 (ft-T...1)tb22It.1

-2
a.s2

Itional Producers 504.3 .5129 .7335 .854

(1.38) (1.94)

South Asia -397.9 .15371/ .869
(8.99)

Slat Africa -125.2 .757.1,1(
(5.09

inditeremnsen -164.4 .4763 .9653 .971
(2.34) (8.03)

.,.

West Africa 77.4 .8678 .6649 .608
(2.97) (2.46)

it Asia 702.3 .6358 .7323 .043
(4.10) (7.77)

ratio bowies -391.2 .5473 .9193 .999
(6.60) (21.0)

.2 87 87 2

.429 75.8 .210 .588
(5.71)

.539 exogenous

.223 .odorous,

.561 156.9 .178 .741
(10.0)

(1

.082 22.3 .08 .821.0.5)

.817 -185.1 .2615 .904
(13.4)

.437 515.5 .1174 .559
(5.85)

14-losed on average of 1969-7'.

Savestsent !Unction for South Asia sad Met Wiest I 0(. 37

Sottions for NISI are estimated in 1967-69 constant prices.

170 al +bl r 1151S s6 .b6 IS/

-2
al bi 4 b6

(t)

a
t)

-1010.5 .2994 .726 -350.0 .076 .780
(7.80) 45.42)

-7660.6 .3035 .844 .0083W
(8.69)

. -5051.2 .3339 .572 - 13.0 .1)40 .684
(30.9) (4.28)

-- 4664.0 .4049 .947 -452.0 .036 .957
(2.49) (47.59)

-101.6 .1821 .652 -194. .106 .915
(6.71) (8.74)

-2099.7 .3058 .951 -154 .037 .727
(19.18) (4.72)

-5061.2 .1319 .972 -341 .0e6 .90e
(30.9) (8.62)
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squeeze foreign exchange earnings, it is considered acceptable.

The ex post calculation of the savings rate allows for the

qualitative judgement that such a rate is realistic,,,and that a

savings constraint is not binding.

Regression Results

31. The estimated equations are given in Table 8. In general,

these e:uations were estimated on the basis of pooled cross-

section and time-series data for the period 1966 to 1971, although

the exact time period differs slightly from region to region. The

time period used is short because of the shortage of data on imports

by end-use. The data used here are derived from the United Nations

Trade Y4rbook, allocated to end-use classes on a two digit SITC

level. The data for individual countries in each region were pooled

together for estimates Of the region, using the technique of

including an individual constant term for each country. This increases

the degrees of freedom and offsets the shbrtness of the observation

period.' While the R
2
of the estimated equations is low, almost all

of the estimated coefficients are significant at the 95% level.

The low R2 can be attributed in part to the fact that cross-sectional

coefficients are found in the regressions for imports of services,

since these are based on straight time series data.

32. Major problems arose with the regressions foi South Asia:

the past history of that region with recurring natural disasters and

wars makes almost all of the regressions non-significant. Data

for the period 1968-71 were used to estimate coefficients based

on simple averages. This implies import elasticities will be close'

158



142 -THE GROSS NATIONAL PRODUCT SECTOR

to unity, bUtithis was not fait to be far from the truth for that

region. In both South Asia and East/Central Africa the apparent

stability of investment in the face of unstable output made it

necessary to substitute an investment function based on total

income, rather than on incremental income and lagged inYeatment.

33. To check the validity of the estimates obtained from

SIMLINK, the preliminary results were compared with projections

made independently for the 40 countr es of the sample panel,

aggregated into the same 7 groups. These projections are based

on country models which though not consistent with international

demand forecasts do contain more information on individual

country performance. These models can also proVide detailed,

balance of payments projections, covering aspects of debt servicing

and creditworthines'which SIMLINK does nqt handle. Most of the

adjustments made to SIMLINK are the result of these comparisons.

IV. Assumptions

A. OECD Growth

33. The model has been run using three alternative assumptions

as to GDP growth in the developed world - largely the OECD countries.

These are based on an analysis of possible time paths of recovery

from the 1974-75 recession. The "high" OECD growth-case assumes a

return to full capacity - full employment by 1977-78, followed by

"normal" growth thereafter. Thus the annual average growth rate

between 1975 and 1980 is 6.1%, while that between 1974 and 1980,
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recession year of 1975, is 4.9%. 1 The "low"

a longer period of recovery, whereby full

143

employment is not reached until after 1980, and annual growth

averages 4.6% between 1975 and 1980 and 3.5% between 1974 and 1980.

These two possibilities are considered equally likely, and to

facilitate expositionan average of the two, "medium OECD growth"

is used in the base case and in the sensitivity tests, i.e. 4.1%

p.a. between 1974 and 1980.

Table 9: Alternative Assumptions: Rates of Real
7rowth of GDP in Developed C4-untries

(percent per annum)

4

1973 1974 1975 1976 1977 1978 1979 1980

-.3 1. 8.8 7.4 7.4 7.0 6.8Jipan/Oceariia 94
Western Europe 5.3 2.2 1.3 4.6 6.4 5.7 5.0 4.8
North America 6.0 -1.7 -4.0 5.3 6.5 6.7 6.5 6.5
OECD Total 6.1 - .4 -.5 5.4 6.5 6.4 6.0 5.9
Centrally Planned 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0

Economies
los":

Japan/Oceania 9.5 -.3 1.2 7.5 6.1 6.2 5.8 548
Western Europe 5k3 2.2 1.3 2.7 4.2 4.2, 4.2 4.2
North America 6.0 -1.7 ,-4.0 5.0 4.5 4.5 4.5 4.5
OECD Total 6.1 -.4 -1.5 4.3 4.5 4.6 4.5 4.5
Centrally Planned 6.0 6.0 . 6.0 6.0 6.0 6.0 6.0 6.0

1/ All growth rates quoted in
between the indicated end
from end 1974 to end'1980,
1974.

this paper are compound growth rates
points, i.e. 3.5% is the growth rate
and thus does not include growth in

1G
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B. Petroleum Prices

34. Two assumptions as to the price of petroleum have been

used in simulations of the model. The basic assumption is that

the price of petroleum (Saudi Arabian light crude, f.o.b. Ras

Tenure) remains constant in 1974 prices at U.S.89.40 per barrel

through 1980. The alternative assumption allows for a gradual

decline in the real, price to U.S.$7.50 per barrel (1974 = 100)

by 1980. See Table 10 below:

Table 10

Alternative (Petroleum Price Assumptions
(US dollars per barrel, f.o.b. Ras Tanura)

1973. 1974 1975 1976 1977 1978 1979 1980

Case I:
"Constant" Price

In current $ 2.70 9.77 10.46 11.38 12.30 13.22 14.21 15.21In 1974 3.27 9.77 9.40 9.40 9.40 9.40. 9.40 9.40

Case II:
Declining Price

In current $ 2.70 9.77 10.46 10.90 11.12 11.25 11.34 14%14
In 1974 $ 3.27 9.77 9.40 9.00 8.50 8.00 7.50 V.50

The "constant" price alternative is consistent with OPEC's

announced intentions to index'petroleum prices to world inflation

and to equilibrate supply and demand by controlling supply. It is

used it the base case with the medium OECD growth assumption.

16
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C. Inflation

35. Forecasts of international inflation are difficult tok-

make but are necessary to run the model. The forecasts used are

based on projections of internal and trade prices for OECD.countries

(see Table 7 above). Recent years have seen a sharp difference

between domestic and trade inflation rates, with the latter

, accelerating more rapidly (and reversing the previous long term

-end). In addition, 'c.i.f. and f.o.b. prices have diverged

sharply, reflecting increased transport costs resulting from higher

petroleum prices. In- general, the price forecasts indicate a

gradual decline in the international inflation rate to about 7.0%

p.a. by 1980.

D. Capital Flows

36. As was noted in Section IIIE above, inflows of external

capital are estimated exogenously for the"availabilities" version

of the model. The estimates used are built up from projections

made by Bank staff for each of the sample pane]ipcountries (using the

country models referred to on p.27), and aggregated to regional totals.

They are essentially estimates of "demand", in that they measure the

projected gap between import requirements and export earnings, rather

than the projected aitailability of foreign capital. However, it

appears that the estimates used are roughly consistent with

projected flows of official awl private capital from developed

countries.

1 6 2
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37. The estimates are made in current prices and deflated

using the import price index 1/ of each region. Since it has

been assumed that aid disbursements are not adjusted to world

inflation (i.e. that the nominal flows are fixed)? /any change in

the rate of inflation assumed gill also change the estimate of

real capotal flows. Table 11 shows the assumptions for each region.

Table 11

Net Capital Flow-1/Assumptions

1973-80

(US millions $)
2/

1973 1974 1975 1976 397/ 1978 1979 1980

Mineral Producers 56 304 307 272 425 251 63 450
South Asia 1,304 3,632 3,658 4,344 4,517 4,565 4,829 5,156
East Africa 55 725 573 483 546 598 650 708
Mediterranean 4,008 6,572 7,470 8,092 8,825 9,915 10,868 11,457
West Africa -37 13 265 211 244 223 225 203
East Asia -280 2,370 3,678 2,512 2,497 2,460 2,606 2,483
Latin America 1411 8,322 7,322 6,645 6,296 5,819 4,803 3,585
Total: 5,249 21,974 23,273 22,559 23,350 23,831 7A,064 24,042

1/ From official and private sources
2/ Current dollars

1/ Sea Section IIIL above.

?/ Though this may appear somewhat extreme, the opposite approach
using fixed real flows is considered even less realistic.

6



THE SIMLINK MODEL 147

E. LDC Growth Targets

38. he "requirements" version of the model was run using a

tarc,t- rota of GDP growth of u% p.a., for all sample panel

ou,stries, for the period 1974-1980. This implies a growth rate

of only 5.8% for the decade 1970-1980, which s somewhat short

of the target set for the,U.N. Second Development Decade (UNDDII). 1/

On the basis of past performance, an average growth rate of 5.0% p.a.

was proposed for t'le low income countries, and of 6.4% p.a. for the

middle income countries, between 1974-1980. Table 12 shows the

regional targets established:

Table 12

1974-80

Target_GDP Growth Rates
(2 p.a.)

11!&1211

Mineral Producers 6.0
South Asia 4.9
!Ast/Central Africa 5.4
Mediterranean 7.3
West Africa 6.5
East Asia 6.9
Latin America 6.0

Low Income 5.0
Middle Income 6.4

Total - Non OPEC 6.1

1
1/ General Assembly resolution 2626 1YXV) of 24 October 1970,

International Development Strategy for the Second United
Nations Development Decade.
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F. Exports to OPEC Countries

39. Because the SIMLINX model is estimated using data for a

period when the OPEC countries were relatively unimportant in

world trade, it assumes that OPEC imports will not be above thelr

1974 level in the years to 1980. Projections of imports of goods

and non-factor services by these countries are taken from the

Bank's SIMRICH model. In 1972, the 40 sample panel countries

accounted for only 5.9% of all OPEC imports (excluding military

goods) 1/, but if they can maintain this share in future, as is

assumed here, it could become an important source of export earnings. ,

The OPEC countries' projected imports vary with their earnings

forecasts, which in turn vary according to petroleum prices-and

OECD growth rates (which determine export volume). Table 13 shows

the values of exports to OPEC from the sample panel countries under

alternaittve oil price and OECD growth assumptions.

Table 13

Sample Panel Countries' Exports to OPEC
(million US$)

OECD growth:
Oil Price:

high
"constant"

low
"constant"

high
declining

low

declining

1972 1,089 1,089 1,089 1,089
73 1,457 1,457 1,457 1,457
74 2,904 2,904 2,904 2,904
75 3,925 3,925 3,925 ;,925
76 4,517 4,479 4,498 4,461
77 5,829 5,636 6,452 5,364
78 7,272 6,846 6,452 6,124
79 8,62624 7,939 7,261 6,763
80 9,806 & 8.868 7,918 7,274

j All developing countries accounted for closer to 14% of this total.It is conceivable that the LDCS' share of the OPEC market may expandior contract during the projection period. Since there are argument4
on both sides, it was considered best to assume that the sc-tpl
panel's share remains constant at 5.9%.
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V. Results of Simulations

40. This chanter describes simulations using the base case

(medium 02CD growth at 4.1%, oil price constant at $9.40 in

1974 $) in some detail, and compares the results with those using

the other OECD growth and oil price assumptions. Section B describes

alternative simulations which show possible ways in which developing

countries can achieve higher GDP growth rates. Detailed results

are given in Appendix III.

A. Exports, Growth and Capital Requirements

41. As Table 14 shows, exports of primary products are

relatively' insensitive to growth in the developed countries.

Table 14

Export Volume Growth Projections by Commodity Class 1974-80

(% p.a.)

High OECD Medium OECD Low OECD
Growth Growth Growth

Agriculture (food) 3.0 2.9 2.9

Agricultu:e (non-food) 3.7 3.6 3.6

Minerals & Metals 4.9 4.6 4.3
Petroleum & Fuels 10.0 10.0 10 0

Manufactures 15.2 13.2 11.0

Services 6.9 6.2 5.5

Exports of manufactured goods from developing countries are much

more sensitive: with high OECD growth, export volume expand:- at

15% per year, and with low, at only 11%. Exports of services are

also fairly elastic with respect to OECD growth.

1 6t;
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APPENDIX I

liable 1

Sample Patel Countries' Import Composition

(1972p:zillions $)

Regional Group
Food, and Inter-
Food mediate Fuels Capital Consumer Total

Products Goods Goods Goods

Mineral Producers

South Asia

$ 701 1256 207 1307 1685
% 13.6 24.4 4.1 25.4 32.7

$ 889 1736 260 1029 254
21.3 41.7 6.2 24.7

5155

4168

East/Central Africa $ 180 626 63 489 206 1564

Mediterannean

West Africa

East Asia

Latin America

Total:

11.5 40.0 411 31.3 13.2

$ 1045 363' 479 2956 654
% 11.9 41.4 5.5 33.7 7.5

$ 236 452 59 339 193
18.4 35.3 4.6 26.5 15.1

8765

1279

$ 826 2578 624 2012 628 6667
12.4 38.7 9.4 30.2 9.4

$ 93: 4197 755 4749 956 11589
8.0 36.2 6.5 41.0 8.2

$ 4809 14476 2447 12881 4576 39189
12.3 36.9 6.2 32.9 11.7
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APPENDIX I

Table 2

Export Shares by Regional Groups
1972

ort
Mineral
P

South
Asia

East
Afr.

Mediter-
annean

West
Afr.

East
Asia

Latin
America

Primary Products:

Beef .000 .000 .002 .009 .000 .000 .058
Cocoa .001 .000 .000 .000 .183 .043 .006
,,oconut Oil .000 .006 .001 .000 .000 .011 .000
Coffee .011 .010 .190 .000 .119 .028 .121
Copper .395 .000 .008 .000 .000 .027 .016
Copra .000 .002 .000 .000 .000 .014 .000
Cotton .002 .023 .168 .084 .007 .000 .027
Groundnuts .000 .002 .020 .001 .002 .001 .001
Groundnut Oil .000 .000 .000 .000 .035 .001 .003
Iron Ore .051 .042 .000 .000 .006 .003 .022
Jute .000 .140 .000 .000 .000 .007 .000
Maims .000 .000 .003 .001 .000 .011 .015
Palm Oil .004 .000 .000 .000 .007 .v16 .900
Petroleum .019 .006 .000 .029 .008 .043 .013
Rice .000 .011 .002 .006 .000 .02b .001
Rubber .011 .011 .000 .000 .004 .079 .001
Sugar .010 .010 .001 .004 .000 .029 .049
Tea .000 .111 .046 .001 .000 .000 .001
Timber .005 .002 .004 .010 .107 .069 .006
Tin .026 .000 .000 .000 .000 .058 .001
Tobacco .001 .028 .023 .033 .001 .007 .008
Wheat .000 .000 .001 .002 .000 .000 .008

Other Agriculture (Food) .095 .115 .157 .162 .094 .029 .192
Other Agriculture(Non -Food) .007 .068 .067 .000 .008 ..054 .033
Other Minerals 6 Natal. .143 .019 .003 .038 .058 .000 .035

Manufactures . .038 .322 .035 .260 .089 .266 .149
Non- Factor Services .182 .072 .269 .339 .272 .178 .236

Total Exports (in millions $) 4579 4225 1828 8453 1959 8110 13878

Note: Total shares may not add to 1.0
due to rounding.
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APPENDIX IT

Commodity Models

This appendix gives the detailed commodity models used in SINLINK-III,

along with their econometric properties,. While each model uses slightly

different notation,-the following are common to all:

Exogenous Variables:

IPI International Price Index
Y63 - GNP of the OECD countries in constant 1963 X.

Endogenous Variables:

RP = real price in 1974 US $
Q - quantity produced
X = quantity exported
S = stocks

All variables are for current time period unless subscripted otherwise.
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BEEF (N. _Hicks/ R. Hunt) :

Was -769.4 + 20.24 RPB , + 16.92 RPB
(4.21) u-' (4.63)

t -4

R2 .858 DW 2.32 1959-72

CIEU

QLA-

2861.6 + 12.13 RPB
(6.30)u -.12

R .749 DW- 1.31

4883.2 + 8.549 RPB
t -3

+
(3.36)

-23.62 RPWH
(2.38) t-1

2
R .860 DW- 1.55

1959-72

6.074 RPBt.-44

(2.23)

1959-72

QOTB. 7871.6 + 381.6 T + 5.077 RPB
(11.56) (1.49) t-2-2

R .970 DW- 2.02 1959-72

QB. QNA + QEU + QLA + Q0111

RPB 799.3 - 7.0047 (QB/YEU)
(8.88)

R2 .821 DW, 1.10 1955-72

Exogenous:
T. time trend, 1955 1

YEU GNP Europe, 1963 U.S.$
RPWH real price wheat, 1974 prices

0

1 r'!i

Production, North America'
1000 metric tone

Production, Europe
1000 metric tons

Production, Latin America
1000 metric tons

Production, all other
1000 metric tons

Production, total

Real price, beef, U.S.O'kg
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RPC- 1640 - .45125 NAPO - 6.7448 mS - .1011 QC
(3.26) (4.28) t'1 (8.18)

+ .0533 Y63

(5.61)
e . .867 DW- 2.27 1955-73

.3692 + 221.1 (1/MK)

-2 (7.61)
R = .760 DW= .379

QCNI= 84.68 + 1.183 RPCt +

(3.07)
- .769 DW= 1.86

QCOH=

QCCA=

QCIV=

QCR=

1955-73

4.324 T
(2.09)

94.16 + 3.077 AP12 7.49T
(3.60)

R = .653 DW= 1.51

45.15 + .16328 RPC
ts.17

+ 2.701 T

-2 (2.12) 06.57)
R = .909 DW= 1.98

33.40 + 8.212 T

(9.67)
-2
R - .837 DW= 1.70

199.6 + 6.6158 T

(9.21)
e .823 DW= 2.10

QC= QCNI + QCGH + QCCA + QCIV + QCR + QX

MAPC= (RPC
t-1

+ RPC
t-2

+ RPC
t-3

)/3

AP12- (

+-10
+ RPCt_ii + RPCt_12 + RPCt.13 + RPCt_14)/5RPC

Exogenous:
T= time trend, 1955- 1

QX= extra output frrm improved produrAivity
(= 30 long tons in 1975 rising to 150 by 1980)

real price cocoa
(U.S.O/Peund)

months stocks
('000 long tons)

Production, Nigeria
('000 long tonb)

Production, Ghana
('000 long tons) Uses
5 year moving average of
rices centered on a 12 yr.

Pr..-iction, Cameroon
('000 long tons)

Production, Ivory Coast
('000 long tons)

Production, rest of world
('000 long tons)

Production, total

Moving average price
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Coffee Models £uuationa 1947/48-1972/73 (Jos. de Vries)

1. log Qtr 0.69262 + 0.32609 log QAV,r, + 0.44386 log PU, + 0.2 log Pt
-1(1.36) u" (4.32) (fixed)

8ra- .4-1(2- 014601 log (Qr
1 -
/QZr ) - 0.46559

7

(2.02)
2

(1.96) CIL

R2

- 0.36152 D1br- 0.83875 ler
(3.05) t (6.60) t

.810 DVS 1.888

Vs

2. log
Q.

1.45585 + 0.55961 log QAV
ol

+ 0.17612 log PlVt_7 + 0.03 log Pt

(5.73) (4.21) (fixed)

+ 0.02527 DI001
(1.58) t

R2 .800 DVS 1.578

3. log Qty -5.2557 + 0.95693 log QAV:a: + 0.45997 log PAVt.
(16.07)

I (9.02)

- 0.24549 log (qtTAIZt;)
(2.24)

- .962 DVS 2.065

+ 0.0619 log Pt-1
(0.77)

t -7 Z0.90)

4. log eam - 0.63024 + 0.82343 log CIATi2.1 + 0.136i6 log, + 0 03019 log
Pt -1(23.44) "I (5.74

R2

- 0.34088 log (IQ
namInnam)

(3.36)

- .982 Die 1.725

5. log Q:fr

R2 .988

- 3.40738 + 3.(7286 W647

57)

log all'. + 0.43605 log PO
t-7

0.+ 12335
08)

log Pt
-1t-7 (10.48).(2.

DVS 2.275

17,.2
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64 043288 log PiP19 + 0.1 Pt-1log 4. 4.34392 + 0.8562 log " to7 (240)(6.49) (tlxd)

0.59811 DIr + 0.40167 D2181
(4.95) t (1.74)

t

R2 -.942 DiS 1.422

7. 4'1 Q:Nm * * Q:" * Giza

8. 3trwl C4 Qt-1 (3t.1 fit-1

- 300,2 + 0.51296 Pt.1

(9.47)

4:1.13±;1:2. liolho$ -I2
Pt -1

) 6.28) -2

+ 449.7 Diet
(2.32)

112 .960 1115 2.599

10.
orod

2.41447 - 906
11

10 (P 1)2 + 0.77738 log
trod-

(7.88) (19.42)

112 .965 DNS '2.685

11. Canat 22,909 - 0.25274.10
18

(Tt
nes

)
-4

- 0.61i6 Pt + 912.44 (Pt/Pt_l)
(10.09) (14.10) (2.65)

+ 583.66 exp(-0.1(t -16)2)

(3.46)

R2 . .960 DNS 1.767

12. log Comer - 14.3071 - 54.7014 (,other)-0.325 0.26165 log P 4 0.14552 (Or:/8:"
(51.78) t (9.54) (5.69) w.' w

112 .995 DNS= 2.519

13 orrod + Gra .1. ether +(set stu9

l7'
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Coffee Model: Symbols _Used

Qt : Total harvested production of coffee in thousands
of 60 kg bags. 1947/48: t=1

Regions : br = Brazil
col - Colombia
sam = South America excluding Brazil and Colombia
nam = North America
afr = Africa
as = Asia and Oceania

QAVt The five year weighted Moving centered average of Qt::

QAV
t 0.25 Qt-2 + 0.75 Qt..1 + Qt + 0.75 lava + 0.25 Qt+2 /L1

Pt : Real price of coffee, in USO per 100 pounds, unit
value of US imports (f.o.b.).

PkVt

It

Yu

: The three year moving centered average of Pt:

: Index of US wholesale prices, 1967= 100.

: GNP of USA at market prices in hundreds of millions of
1963 constant US$. 1947: t=1

other
rt GNP at market prices of OECD countries other than

the USA, in hundreds of millions of 1963 constant US$.
prod
c
t

: Domestic consumption of coffee in producing countries,
in thousands of 60 kg. bags.

ct
Ina

: Net Civilian Visible Disappearance of coffee in the USA,
in thousands of 60 kg. bags.

other
C
t : Consumption in importing countries other than the USA,

as measured by total exports from producing countries
minus US Net Civilian Visible Disappearance and minus
the increase in US inventories. In thousands of 60 kg.
bags.

/1 To simplify calculations division by 3 has been omitted.it

174
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Ct

soma

Dibr

mbr
t

D4o1

mas

as
D2t

DICt

: World disappmaance of coffee, as measured by total
exports from prod countries plus domestic
consumption in ountries. In thousaris of 60 kg.
bags. 1947/481

: Beginning of period stocks in producing countries, in
thousands of 60 kg. bags. 1947/48: tal

: Beginning of period inventories of green coffee in the
USA, in thousands of 60 kg. bags. 1A7/48: t -1

Du my variable to capture the effects of Brazilian frosts
in 1953 and 1955. It is unity in 1954/55 and 1956/57, and
zero in all other years.

: Dummy variable to capture the effects of Brazilian frosts
in 1963 and 1969. It is unity in 1964/65 and 1970/714 and
zero in all other years.

: Dun, variable to capture the effect of the biennial cycle
in C.lombia. It is nil in non-cyclical years (t ..4-8, 25 and 26),
-1 in "off years" (t..123,10,12,14,16,18,20,22,24) and 1 in
"on years" (all other years).

1

: Dummy variable to capture the direct effects of the war in
Indonesia on production in Asia and Oceania. It is unity
from 1947/48 through 1949/50, and zero in all other years.

: Dummy variable to correct for
production capacity by lagged
Oceania region due to the war
190/48 and 1956/57, unity in
zero in all other years.

the underestimation of past
production for the Asia and
in Indonesia. It is 0.5 in
the intervening years, and

: Dummy variable to capture the effect of the establishment
of ICO on p.21ces. It is unity in 1963/64 and 1964/65, 0.5 in
1965/66 and 1966/67, and zero in all other years.
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corm (r. Pinto/ E. Takeuchi)

USMOP= .7123 USMP

RZ
(7.97) t-1

.844

RWMP= .9763 RWMPt_i

(34.5)
R .988

MP= USMP + RWMP

CR .5776 CR

-2(3.13)te.1
R .979

PR= 1.059 MP +

_2(51.7)
R - .992

TPR- PR + DUMRP

TCR CR + DUMRC

+ .0264 RPCU - 294.9 DUNI

(3.95) (4.73)
DW 1.95 1953-73

+ .1303 RPCUt
(2.8) "'4

DW - 1.53 1953-73

+ 1.989 Y63t - .2497 RPCU

(3.19) (2.88) t

DW = 1.70

.2528 RPCUt

(5.4)
DW 1.27

RPM 6817.0 + .764? RPCU, 6407.6 (TPR/TCR)
t (9.92) (8.6)

- DUM2

(4.0)
- .889 DW = 1.70

2

U.S. Mine Production
1000 metric tons

Mine Production,
rest of world

1000 metric tons

Mine Production, total
1000 metric tons

Refined Copper
Cons .,.tion

1,8 metric tons

Refined Copper
Production

1000 metric tons

Total Production,
adjusted

Total Consumption,
adjusted

Real price, capper
US$/metric ton

Exogenous:
DUI - Dummy variable = 1 in 1954, 1959, and 1967;

= zero for all other years.

DUM2 = Dummy variable = 1 in 1960 and 1972;
- zero for all other years.

DUNRC = adjustment to Consumption
DUMRP = adjustment to production

176
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FATS AND OILS !P.Pollak) :,

A. Price Equations: (U.S. $ per metric ton)

PSOY 91.04 + 1.974 PITOT - 0.019 XSO! + 0.020 Y63 Soybean Oil

PGNO 393.48 + 1.597 PITOT - 0.228 x0N0 + 0.01 263 Groundnut Oil

?COT a 170.43 2.306 PITOT - 0.95 XCOT + 0.05 Y63 Cottonseed Oil

:SUN 105.24 + 2.088 PITOT - 0.056 ISUN + 0.037 163 Sunflower Oil

PRAP 86.88 + 1.85 PITOT - 0.073 XRAP + 0.02 263 Rapeseed Oil

PCOC 450.48 + 1.623 PITOT - 0.223 XCOC + 0.0001 Y63 Coconut Oil

PKER = 81.32 + 1.832 PITOT - 0.027 XKER 0.0001 263 Palm Kernel Oil

POLV 335.58 + 4.975 mar - 1.814 XQLV + 0.0001 Y63 Olive Oil

PLO 201.98 + 1.335 PITOT - 0.212 XLRD + 0.007 Y63 Lard

PALM 98.90 + 1.912 PITOT - 0.083 XALM + 0.011 263 Palm Oil

PFSH . 1.87 + 1.651 PITOT - 0.023 XFSH + 0.014 163 Fish Oil

PTAL 138.21 + 1.831 PITOT - 0.101 XTAL + 0.007 Y63 Tallow

b. Export Equations: (1000 metric tons)

-50T -492.96 + 0.5207 QSOY Soybean Oil

XGNO = 344.01 + 0 104 Q0140 Groundnut Oil

XCOT -220.12 * J.2208 QCOT Cottonseed Oil

XSPN - -708.11 + ('.3551 QSUN Sunflower Oil

XRAP -27? 63 + 0.4574 QRAP ,,apeseed Oil

'COG * 408.27 + 0.4191 QCOC Coconut Oi]

XKER 160.125 + 0.4082 QKER Palm Kernel Oil

XOLV - -32.32 + 0.1098 QCLV Oliv-c Oil

ILO - -23.17 + 0.1202QLRD Lard

PALM - -163.14 + 0.6369 QALM Palm Oil

XFSH = -115.75 + 0.6975 QFSH Fish Oil

XTAL -349.48 + 0.4373 QTAL Tallow

12
PITOT PCL,

lt
Wio

12 . w
POL

io
ii

177

FAU Price Index,

a]' fats and -ils
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Projected

C. Excepous ?reduction Estimates: Growth Rate

(1000 metric toner--
QSO! Soybeans - 5.7
GIGNO Groundnut Oil 2.3

QCOT Cottonseed Oil .6

QSUN Sunflouer Oil 1.7

OAP Rapeseed Oil
e...

3.3
QCOC Coconut Oil 1.3

QKER Palm Kernel Oil .15

QOLV Olive Oil 2.5

(Imp Lard 1.1
QAIM Palm Oil 4.8
QFSH Fish Oil 1.0
QTAL Tallow 1.6

r

176
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SCTOT = -54225. + 287.78 y63

(27.2)
11.2 . .978 Efii it 1.9!

PROD - 1.0901 SCTOT + 2601.2 RPRS
(37.29) (6.07)
a .948 DW = 2.09

RA.TICTI - .7628 - .00604 T
2 (2,96)
R = .463 DW = .64

PRODP = (1 - RATI03) PROD

LDC = .7288 PROP

Exogenous:

RPRS - Real price of iron ore (in US$/metric ton).

1 7:.)

Steel Consumption, tote,
1000 metric tons raw

° -steel equipment

Iron Ore Production,
world total

1000 metric tons

OECD share production
of iron ore

LDC production '000 m.t.

LDC exports '000 m.t.
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RICE (N. hIcks)t

RPRC -47.484 + .2334 Y63 - .04565 QXRC

(3.28) N.
3.159 RP..1H - 909.4 GRIPI
(11.78) (4.52)

R2 = .939 DW = 2.45 1961-74

QPUS = 1106.9 + 4.5419 RPRCt_, + 107.8 T

(3.57) (5.26)
R2 ,= .783 Dw = 1.20 1962-74

XUS = -207.8 + .5028 QPUS
t=1

UCH - 56368.1 + 1961.7 T + 5598.6 RL3

(13.27) (3.75)

R - .962 DW = 2.90 1962-74"

RL3 - RPRCt_3/RPWHt3

XCH = 1212.1 + .01736 QPCH + 1.950 RPRC

- 2
(2.30) (2.56)

R -= .513 DW = 1.48 1961-74

XOTH - -5.244 + 69.13 T + 5.9846 RPRC
t-2

- 2 (3.29) (3.46)
R = .606 DW 2.99 1961-74

XRC = XUS + XCH + XBU + XTH + XOTH

'Exogenous:

Tom time trend, 1955.. 1

GRIPI= growth rate pi
XBU- exports, Bars
ITH= exports, Thailand

RPWH= rest price wheat (t.) 'metric, ton)

1 ou

Real price rice
US$/metric ton

U.S. Production (paddy)
0000 tons

U.S. Exports(milled basis)
0000 tons

China, production (paddy)
10 GO tons

Relatiuo TiCO, ri:c:wicat

China, exports(milled basis)
0000 tons

Exports, other

0000 tons

Exports, total
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RUBBER (11. thinning/ E. Grille)

1n(C GS) * -2.36 + 1.52 In i63

-2 (42.2)
R = .992 1957-72

c /(c + CS) = .23 + 470.7 (11W)
-2 (13.6)
R - .939 1960=72

INS = .000083 RPR + .016 T

R-2

(14.8) (20.7)
= .883 1955-70

TIE = .17 + .000025 RPR + .018 T
(3.0) (32.8)

QM - AM MS TH8 AlOE THE

Q0 = 1180.2 + 37.75 T
(8.1)e

R = .832 1957-70

Q = Q0 + QM

RPR 932.9 + .66 RPR
t -1

- 1.02 (Q+STC-C)

(3.5) (2.1)

Total Consumption

Natural: Total
Consumption

Yield, Malaysan
small holders

Yield, Malaysian
estates

Malaysian Production

Other Production

Total Production

Real Price

-2

R = .730 1959-1972

Exogenous:

QS synthetic rubber production,
1000 metric tone.

STO changes in government stockpiles 0 in projection period)

T time trend, 195-1.

Notation

C - Consumption of natural ruboer (excl. Eastern Europe and China) in
1000 metric tons.

CS - Consumptio% of etic rubber (excel. Eastern Europe and China).

YES, YME- Yield Milayalan IM11holdere, estates, in metric tons/tore.

Q - World productionslnatural rubber, 1000 metric tone.

STD Deliveries from government sto0cpiles, 1000 metric tons.
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SMAP (E.Brookj P.Pollak):

log SP = -.9698 + .3615 log SP - .3783 lug 1WIt_l

(4.23) (-7.36)

-1.529 log(1/IPF) + 2.2161 log (1/IPF)

R
_92 (255) (2.98)

.87 DW . 1.24

log AHEU =

-2
R .96

log AHUSCt

-2
R = .59

.1237 + .9513 log AHEUt_i
(23.67)

.0994 log SPt../.

(3.34)
DW = 2.2B

- -4825.4 + 104.1 PUS + 31.22 POPUSt

(3.74) t-1 (3.35)
* .3110 AMC - 91.31 T

(1.98) t-1

DW = 1.97

AHUSBt a -7270.3 + .3573 AHTSBt.1
(2.37)

+ 114.74 + 46.12 Pconss - 110.4 T

-2
(2.36)

R = .91 DW = 2.26

AHUK = 12.345 + 2.162 spt_i + .8632 AHUEt-1
(1.31) (6 741

/e = .74

log AHRWB

-2
= .90

log AHRWC

R 0 .97

DW 2.38

= log 3.1388 + .01186 T
(12.85)

DW = 1.86

.3324 + .9177 log AHRWCt-1
(26.73)

DW = 2.10

CRW = CRW
t-1

(1 + GRY63)

EPEU 0 3.0 AHEU - CEU

EPCH = 3.8 AHCH CCH

EPCU 5.1 AHCU CCU

EPRW 3.45 AHRWC + 5.2 AHPWB - CRW

ECUS CUS - 2.3 AHUSBt - 3.45 AHUSC

SOUK CUE - 5.8 AHUK

IWR ZEBU + EPCH + EPCU + EPRW
EUUS ECUK

Sugar price, 1972$
USO/pound

Area Harvested,
Eastern Europe

'000 ha.

Area Harvested

U.S. (Cane)
'000 ha.

Area Harvested
U.S. (Beet)

'000 ha.

Area Harvested,
U.". '000 ha.

Area Harvested
rest of world (Beet)

1000.ha.

Area Harvested
rest. of world, (Cane)

1000

Consumption, rest of

world '000 tons

Excess production,
Eastern Europe '000 tons

Excess production, China
'000 tons

Exces0 s production Cuba
100

Excess production , rest
of world '000 tons

Excess consumption,
u.s. 1000 tons

Excess production,

U.K. '000 tons

Excess production-
consumption ratio
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1140116401141
Agog. IVO* La.:opted no

CIU - consumption, gestern Europe

CCH - consumption, Chino

CCU . consumption, Cuba

0 RY63 . growth rate T63

- Tine trend, 1952 - 1

jield per ha. 0 3.0 tow:

ratedffinG lejaaa

A

4.0%

6.5%

1.7%
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MAIN. Bickel:

RP . 403.3 - 40.426 log QWP - 1.991 T
(2.29) (3.53)

+ 14.338 D68

2 (4.59
2)R .972 DW .01 1955-72

QWP = 2.294 M + 1.295 RP 502.8
(13.71) (1.93) t-4

R = .92/ DW . 2.46 1955-72

Real price, tea
US O/pound

World Production
0000 metric tons)

M = 673.7 + .1160 163 1.6046 RP World Imports

-2 (2.52) (2.77) t-1 (1000 metric tons)

R = .937 DW . 2.06 1955-72

Exogenous:
T = time trend, 1952 = 1.0

D68 = duii = zero after 1967, =1 before 1967

TIN ir.firml:.

mr - .6517 MP 1 .0051 Rrt
(14.27) (2.66) -4

R - .92 DW - 2.06 1961-73

SUPPLY MP * DISP

CT - 160.2 + .582 CT + .0118 RPT
(3,0 va (3,7) t.1

- 288.6 (Raw) + ,0235 Y63

-2 (3.05)
R - .94 DW = 1.72 1954,73

RPTt = 3250.2 + .6826 RPTt - 4907.8 (STK/CT)
(5.3)

t -1

2
R .766 DW 1.58 1954-73

STK - SUPPLY - CT + STK
t -1

MPA - Real price aluminum, US$ /metric ton (1974 - 100).

is

Mine Production
1000 metric tone

Total Supply ;000 m.t.

Consumption 1000 m.t.

Real price tin
US$/metric ton

Stocks



Editor's sole: The GNP projections developed by the Workshop on Alternative
Energy Strategies (WAES) with assistance from the World Bank were used in the
Global 2000 Study (1) because the U.S. Government has no capability to make the
disaggregated global econonkic projections needed for this Study, (2) bet.ause the
World Bank/WAES GNP Projections were recommended by the World Bank staff,
and (3) because there was no alternative. The computer printout for the World Bank/
WAES GNP projections was destroyed long ago. Even the World Bank model with
which the projections were made has been modified significantly and no copy of the
original model retained. Chapters 3 and 16 of Volume 2 of the Global 2000 report
provide as much information as could be obtained on the World Bank/WAES GNP
projections. The only information on these projections that was published by the
WAES Study team is on pages 217-221 of the Third Technical Report ofthe Work-
shop on Alternative -Energy Strategies, Cambridge, Mass.: M.1.T. Press, 1977.
These pages are reprinted here.

Reprinted from Energy Sunply-Demand Integrations to the Year 2000: Global andNational Studies,
edited by Carroll L. Wilson et al., by permission of The M.I.T. Press, Cambridge, Massachusetts. Copy-
right 01977 by the Massachusetts Institute of Technology.
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Energy and Economic Growth
Prospects for the Developing
Countries

6.1 PREFACE

The Workshop on Alternative Energy Strategies
has focused on projected energy supply and de-
m: -id in the industrialized world. Members of
WAES come from fifteen countries, most of them
in the industrialized world outside of Communist
areas (WOCA). We believe that the actions of these
countriesor their failure to actto alleviate pos-
sible future shortages of world energy will signifi-
cantly affect the energy prospects of the develop-
ing nations.

In the WAES analyses, it is necessary to make
assumptions about the energy supply and demand
patterns in what is termed "Rest of WOCA "
WOCA countries outside Western Europe, North
America, and Japan. These countries consist pri-
marily of the developing corntaies (both OPEC and
non-OPEC) but also include Australia, New Zea-
land, and the Republic of South Africa.

. We have relied extensively on others with knowl-
edge of these countries to help analyze their future
energy supply and demand prospects. In particular,
individuals from the International Bank for Recon-
struction and Development (World Bank) have
been most helpful in estimating developing country
economic growth rates to 1990, deriving relevant
income elasticities of energy deniand, and providing
energy supply estimates to 1980. .

The energy supply estimates by fuel type for
1980 to 1985 come from World Bank and WAES
sources, and the 1985 to 2000 figures are taken
from the WAES global supply estimates for oil,
gas, and coal.

The energy supply-demand estimates in this paper
are very tentative. Historical data on energy con-
sumption in developing countries are generally in-
complete and are clouded by the fact that a signifi-
cant proportion of total energy consumption
comes from noncommercial sources such as fire-
wood, cow dung, and vegetable waste. The survey
also attempts.to cover over ninety countries and so
is exceedingly general in nature.

This report was prepared jointly by William F. Martin
(WAES Staff) and Frank J.P. Pinto (Consultant to WAES
and the World Bank). The authors gratefully acknowledge
the written papers and verbal communications received
from Nicholas Carter, John Foster, and William Humphrey
of the World Bank and Alan Strout of the MIT Energy
Laboratory.

This report attempts to answer the following
questions, which are essential to the WAES global
supply-demand analysis: (1) Given certain assump-
tions regarding economic growth, what is the prob-
able range of commercial energy consumption in
the developing countries during 1985 and 2000?
(2) What potential domestic energy supplies are
available to help these countries meet their antici-
pated demands? (3) What would be the probable
range of desired imports (or exports) of energy by
these countries? Possible answers to these ques-
tions represent the boundaries of the study. We
recognize that the developing countries will need
appropriate mechanisms to help them achieve de-
sired levels of economic growth and that new ar-
rangements may be needed to assist developing
countrie_ in meeting the rising costs of energy.
Such arrangements must te part of a broad and
complex sistem of existing economic relationships
and institutions, an analysis of which is outside the
scope of the WAES study.

62 INTRODUCTION

This paper focuses on the energy and economic
growth prospects of the OPEC and non-OPEC de-
veloping economies in the world outside Commu-
nist areas (WOCA).`

6.2.1 Projected Shares of World Energy
Consumption

Primary energy consumption in the developing
countries during 1972 constituted approximately
15 percent of total WOCA energy consumption. As
these countries industrialize, their share will rise
relatively faster than that of the industrialized
world. The WAES global supply-demand integra-
tions suggest that the developing countries could
consume se much as 25 percent of total 7/odd en-
ergy by the year 2000, as Figure 6.1 illustrates.

1. Estimates of energy supply and demand for Australia,
New Zealand, and the Republic of South Africa are also in-
cluded in the worksheets in section 6.6. Because these
countries did not participate in WARS, it was aeronomy to
make provisional estimates for them on this basis of pub-
lished source material and information from individuals
within the Workshop who were familiar with the energy
prospects In these countries.
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1171

Figure 6.1
Shares of WOCA energy consumption.

6.2.2 Developing Country Coverage
The 93 developing nations in WOCA considered in
this analysis are divided into two major groups: (1)
the 13 OPEC countries and (2) the non-OPEC de-
veloping nations of Asia, Africa, and Latin Amer-
ica. The latter group is further divided into two
classifications according to per capita income (the
number of countries in each category is in
parentheses):

Lower-income countries comprising those devel-
oping economies with per capita annual income
below $200. The countries in this group fall into
two regions: South Asia (7) and lower-income sub-
Sahara Africa (20).

Middle-income countries oinprising those devel-
opinfRonomies with per capita annual income
above $200. These countries car_ be grouped into
three regions: East Asia (9); Caribbean, Central and
South America (21); middle-income sub-Sahara
Africa and West Asia (23). Per capita incomes range
from $200 to around $1010 with the mean being
about $550.2

These classifications are identical to those used by
World Bank. A detailed list of the countries in each
major group is given in Table 6.1.

6.2.3 Population Trends

An important factor in the analysis of energy con-
sumption in the developing world is the present
level and future growth rate of population. WOCA
had a population of around 21.7 billion in 1975,
and it is estimated that this figure will increase to
4.5 billion by the year 2000. The industrialized
nations of North America, Zurope, Japan, and
Oceania constituted approximately 28 percent of
the total population in 1375 and will probably

111
a..ioy rap
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In4 ,s1hal, (-0
Coo,i,es

2000
Gist C 1

OPEC

2. These distinctions are based on data in the 1974 and
1975 World Bank Atlas. They relate to the year 1972.

constitute around 20 percent by the year 2000.
Table 6.2 presents estimates of the absolute lev-

els and growth rates of population for the devel-
oped and developing nations for the years 1970,
1975, 1985, and 2000. Most of these figures have
been derived from United Nations population pro-
jections. The energy problems facing the develop-
ing economies are more severe because of their 2.4-
2.7 percent average population growth between
now and 2000, as compared to 0.7-0.9 percent for
the industrialized world.

6.2.4 WAES Scenario Assumptions

WAES uses the scenario approach in its studies to
1985 and 2000. The scenario variables include eco-
nomic growth (high or low), real energy price (ris-
ing, constant, or falling), government policy (vigoi-
ous or restrained), and, for 1985 to 2000, principal
replacemer t fuel (coal or nuclear). For the devel-
oping economies, only a constant real energy price
to 1985 was examined. Furthermore, government
policy response to 1985 is not included as a varia-
ble due to the uncertainty in modeling an aggregate
policy response for over ninety countries. The
WAES scenario cases considered in the analysis of
developing country prospects are more fully
specified in Table 6.3.

6.2.5 Methodology

The first step is the determination of economic
growth rates for the developing nations, primarily
from the World Bank's SiMLINK Model? High
and low ecor.nnic growth rate assumptions for the
developed economies, as well as the WAES oil price
assumption of $11.50 (per barrel of light Arabian
crude, FOB Persian Gulf, in constant 1975 U.S.$)
are special inputs to the model, whose simulations
then provide economic growth projections for the
major developing regions of WOCA to 1985. Figure

3. "The SIMLINK Model of Trade and Growth for the De-
veloping World," World Bank Staff Working Paper No. 220,
October 1975. Also in European Econc mic Review, Vol. 7
(1976), pp. 239-255. 8IMLINK is primarily a medium-term
forecasting system in With exports of the non-OPEC devel-
oping countries are related to the level of economic activity
in the OECD countries through a eeries of individual com-
modity models. Growth in the developing countries is
linked to investment levels and imports; imports in turn de-
pend on export earnings and inflows of foreign capital.
Given assumptions es to OECD growth, the availability of
foreign capital to the developing countries, and the inter-
national price of petroleum, the model may be run to deter-
mine either the import-constrained GDP growth rates to be
anticipated in developing countries or the real resource
transfer they would need to support a specified GDP
growth target.

137
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Table 6.1
Claadfication of developing countries

OPEC Countries

Algeria Iran Qatar
Ecuador Iraq Saudi Arabia
Gabon Kuwait United Arab Emirates
Indonesia Libya Venezuela

Nigeria

Non-OPEC Developing Countries

Lower-Income Countries [annual per capita income under $200 (1972 U.S. Pi
South Asia Lower-Income Sub-Sahara Africa

Afghanistan Burundi Niger
Bangladesh Central African Republic Rwanda
Burma Chad Sierra Leone
India Dahomey Somalia
Nepal Ethiopia Sudan
Pakistan Guinea Tanzania
Sri Lanka Kenya Togo

Madagascar Uganda
Malawi Upper Volta
Mali Zaire

MiddleIncorae Countries [annual per capita income over $200 (1972 U.S. $))
Middle-Income Sub-Sahara

East Asia Africa and West Asia
Caribbean, Central
and South America

Fiji Angola Argentina
Hong Kong Bahrein Barbados
Korea (South) Cameroon Bolivia
Malaysia Congo P.R. Brazil
Papua New Guinea Cyprus Chile
Philippines Egypt Colombia
Singapore Ghana Costa Rica
Taiwan Israel Dominican Republic
Thailand Ivory Coast El Salvador

Jordan Guatemala
Lebanon Guyana
Liberia Haiti
Mauritania Honduras
Morocco Jamaica
Mozambique Mexico
Oman Nicaragua
Rhodesia Panama
Senegal Paraguay
Syria Peru
Tunisia Trinidad and Tobago
Turkey Uruguay
Yemen AR, DM
Zambia
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Table 6.2
Estimated developed and developing country population levels and growth rates, 1970-2000

Population (in millions, rounded) Population growth rate (%/yr)

Total population in WAES analysis
Devekiped economies

Developing economies
OPEC

Non-OPEC developing countries

Lower-income countries
South Asia
Lower-income Africa

Middle-income countries
But Asia
Middle-income Africa and West Africa
Caribbean, Central and South America

Table 6.8
WAES scenario assumptions

197 0 197 6 1985 2000 1970 -75 1975 -86 1985-2000
2399 2661 3310 4475 2.1 2.2 2.05
702 732 792 872 0.9 0.8 0.7

1697 1929 2518 3603 2.6 2.? 2.4
255 292 388 566 2.8 2.9 2.6

1442 1637 2130 3037 2.6 2.7 2.4
889 1005 1301 1835 2.5 2.65 2.3
740 835 1076 1487 2.4 2.6 2.2
149 170 225 348 2.7 2.9 2.9
553 632 829 1202 2.7 2.75 2.5
138 158 207 290 2.8 2.7 2.3
162 184 240 353 2.6 2.7 2.6
253 290 382 559 2.8 2.8 2.6

Economic
growth

Energy
price"

1976-1986
C High $11.50
D Low $11.50
1985-2000
Cl - High $11.50-$17.25
C-2 High $11.50-$17.25
D-7 LiDw $11.50
D-8 Low $11.50

Principal
Replacement
fuel

Coal

Nuclear
Coal

Nuclear

'Price per barrel light Arabian crude FOB Persian Gulf in
1975 U.S dollars.

OECD
Growth

Primary
Commodity

Models

World
.allatrod

Petrotturn
Prim

fdport Pripet
and VONmos
import Prices

prowm
Models

- LOC
Grown
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Figure 6.2
Flow diagram for SIMLINK
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6.2 illustrates the SIMLINK flow from the exoge-
nous input to the output.

The historical (1960 to 1972) relationship be-
tween regional economic growth and energy con-
sumption is then examined by considering the
income elasticity of demand for energy use. This is
defined as the growth rate of energy consumption
divided by the growth rate of real income. Since
real energy prices rose substantially between 1972
and 1976 and are assumed to either remain con-
stant (WAES Cases C and D in 1985, Cases D-'7 and
D-8 in 2000) or increase by 56 percent by year
2000 (WAES Cases C-1 and C-2), the historical in-
come elasticities were revised downward for the
period 1976 to 2000 to reflect the more energy-
efficient use of resources in the future.

The primary energy demand growth rates are ob-
tained from the real economic growth rates and
the income elasticities of energy demand. The total
primary energy consumption of developing coun-
tries in 1985 and 2000 can then be determined.

The energy supply estimates by fuel type for
1975 to 1985 come from World Bank4 and WAES
sources. The 1985 to 2000 estimates come primar-
ily from the WAES global supply studies described
in chapters 3 through 7 of the second WAES tech-
nical report.

Supply-demand integrations then balance avail-
able energy supplies with expected energy de-
mands. The resulting figures show the range of en-
ergy exports and imports of both OPEC and non-
OPEC developing countries.

4. A. Lambertini, "Energy and Petroleum in Non-OPEC De-
veloping Countries, 1974-80," World Bank Staff Working
Paper No. 229, February 1976.
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6.3-DEMAND FOR ENERGY

6.3.1 Economic Growth Rate Assumptions, 1960-
2000

The historical and projected economic growth rates
for the developing economies for the period 1960
to 2000 are presented in Table 6.4. The 1976 to
1985 growth estimates have been derived primarily
from simulation of the World Bank's SIMLINK
Model using the WAES high (Case C) and low (Case
D) economic growth assumptions for the PECD
countries as well as the WAES constant Oil price as-
sumption of $11.50 per barrel (1975 U.S.$). Be-
cause SIMLINK is primarily a medium -term fore-
casting system, extrapolations were made to
determine the 1985 to 2000 developing countries'
economic growth rates.

Several of the middle-income countries profited
by the commodity boom of 1972-1973 and should
be able to achieve comparatively rapid growth over
the next decade. Latin American and East Asian
countries are expected to show the highest econom-
ic growth patterns among the non-OPEC develop-
ing countries due to higher capital productivity, an
increase in the rate of investment, and export pro-
motion. The lower-income countries will probably
grow much slower than the middle-income coun-
tries, and they will continue to suffer from the
effects of higher oil prices and agricultural short-
falls. The projected growth rates assume, however,
that improvements will be achieved in domestic
policies with special emphasis on increasing
exports.

As a group, the non-OPEC developing countries
are expected to maintain a growth rate higher than

that of the OECD area. In the long run, middle-
income countries are expected to grow 1-2 percent
faster and low-income countries about 0.5 percent
sloWer than the developed nations.

OPEC countries are expected to achieve high eco-
nomic growth rates from 1976 to 1985, possibly as
high as 7.2 percent per year in the high growth case
and 5.5 percent per year in the low growth case.
Several OPEC countries-mainly those with larger
populations such as Algeria, Ecuador, Indonesia,
Iran, Iraq, Nigeria, and Venezuela-are expected to
have current-account deficits in their balance of
payments by 1985. From 1985 to 2000 OPEC
growth will likely decrease since many OPEC coun-
tries have undertaken large development projects
that may cause foreign exchange shortages and cur-
tailed imports after 1985.

6.3.2 Historical Growth in Energy Consumption,
1960-1972

From 1960 to 1972 the nations of the developing
world more than doubled their consumption of
commercial energy and increased their demand for
electric power by more than 250 percent. In 1972
the developing countries accounted for around 15
percent of total world energy consumption in
WOCA.

Sixteen countries accounted for about three-
quarters of all developing world energy demand.'
They are Argentina, Brazil, Chile, Colombia,
Egypt, India, Indonesia, Iran, Korea, Mexico, Paid-

stan, Philippines, Taiwan, Thailand, Turkey, and
Venezuela.

5. Modern Power Prospects in Developing Countries,
P :hard Barber Associates (1976).

Table 6.4
Real-GNP growth rate assumptions, 1972-2000 (average annual percent growth)

.,---

Period

Economic growth
WAES cue

1960-1972 1972-1976 1976-1985 1985-2000

High
C

Low
D

High
C-1, C-2

Low
D-7, D-8

Non-OPEC developing countries 5.6 5.1 6.1 4.1 4.6 3.6
Lower-income coi.ntrioq 3.7 2.3 4.4 2.8 3.1 2.6
Middle-income countries 6.2 5.9 6.6 4.5 4.9 3.9

OPEC 7.2 12.5b 7.2 5.5 6.5 4.3
Developed countnesa (OECD) 4.9 2.0 4.9 3.1 3.7 2.5

aAs derived by WAES analyses of individual countries.

bPreliminary estimate.



4 The Climate Sector

Introduction

The Global 2000 Study developed three climate sce-
narios for use as inputs to the various projection models.
These scenarios were patterned after scenarios developed
in a recent climate study by the National Defense Uni-
versity (NDU), in cooperation with the National Oceanic
and Atmospheric Administration, the Central Intelli-
gence Agency, and the U.S. Department of Agriculture.

-*Unfortunately, after the climate scenarios were developed, it was dis-
covered that none of the projection models used by the Government
were designed to accept climate &tan input variable, and as a result
the Global 2000 climate scenarios could not be used.

The underlying methodology employed in developing
the NDU scenraios is described in the NDU report,' and
is excerpted here, including the NDU questionnaire.
Most of this material, with the exception of the ques-
tionnaire, was included in Volume 2.

Rotenone

1. Climate Change to the Year 2000: A Survey of Expert Opinion,
Washington: National Defense University, 1978, pp. 1-1S,
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Editor's mote: This material is reprinted from Climate Change to the Year 2000: A
Survey of Expert Opinion, Washington: National Defense University, 1978, pp. 1-16
and Appendix A, pp. 59-77.

METHODOLOGY

RESEARCH APPROACH FOR TASK I

General Features

The purpdie of Task I was to define and estimate the likelihood of changes
in climate during the next 25 years, and to construct climate scenarios for
the year 2000. Information was collected from a carefully ;elected group of
experts through the use of a structured questionnaire. Ten separate questions
dealt with particular climatic variables and/or specific gangraphic regions of
interest. Prase topics of inquiry were as follows:

average global temperature
average latitudinal temperature
carbon dioxide and /urbidity
precipitation change
precipitation variability
mid-latitude drought
outlook for 1977 crop year
Asian monsoons
Sahel drought
length of the growing season

Each question elicited information about three elements: probabilistic (or
equivalent) forecasts on a particular climatic variable, reasons for quantita-
tive estimates, and self and peer expertise rating. The complete questionnaire
is contained in Appendix A.

A panel of climatological experts from the United States and abroad was
selected by the research team, with assistance from the project Advisory ,

Group. The panelists were selected both for their competence in the field of
climatology and for the diversity of views which they representea. The list of
panelisti responding to the questionnaire appears in the acknowledgments.

The questionnaires were sent to 28 panelists and 24 were returned. Of these,
21 contained quantitative information. Appendix C lists for each climate
question the number of panelists who submitted quantitative estimates and
the average of their expertise.

175
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I

Panelists' Concerns

Most respondents, as well as some of the invited panelists who declined to
participate, voiced some degree of apprehension or concern about the
questionnaire and the use (and possible abuse) of the information derived
from their responses. These concerns centered on the following issues:

the lack of sufficient actuarial experience, comprehensive theories, or
adequate models to support the quantitative estimates given in the
questions,

the possible suppression of the full range of uncertainty accompanying
responses,

the risk of being an unwitting party to "science by consensus."

The following comments by pane....ts reflect these'concerns:

To the best of my knowledge, there exist, in genera!, no technique for
makira climate forecasts that have demonstrated skill in the sense the, ne
forecasts are better than a forecast of the long-term average statistics.
Krnwledge of even the :ong-term average statistics (means, variances,
e I, conditional probabilities, etc.)' would be most useful for some
r , but even this data is not readily available.

I that the strongest message to come from your questionnaire will
be that we lack the basis for predicting even the grossest aspects of
climate.

We possess no skill for forecasting beyond a short period, other than that
which probabilities based on a frequency distribution can provide. Only
a deterioration of climate will fire the imagination of the experts.
Prophets become known for their prophecies of doom. A prophecy of
status qua or improvement would not be interesting.

There is a good deal of guesswork involved, due to uncertainties about
feedback mechanisms, the importance of a3rosols, the general circulation
in the atmosphr-e and oceans, and many other factors.

I feel that one of the most important outcomes of your study could be a
clear statement of our present ignorance. That in itself should clearly
indicate the need for contingency plans.

In the preparation of this report, the project team has given considerable
attention to the foregoing concerns in analyzing the data and aggregating the
range of viewsand the expressed qualificationsprovided by the respond-
ents. Realizing that confident predictions of climate are beyond the state of

19,3
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the art, the project team has proceeded on the assumption that expert
probabilistic judgments, properly qualified, constitute the best available
guidance for those who must make policy in matters affected by climate.
The climate data in the report bespeak uncertainty and a wide range of
perceptions. In the description of the methodology and the presentation of
the analysis and results, appropriate caveats have been introduced to avoid
misunderstanding.

ANALYSIS OF DATA

Self and Peer Ratings

An interesting and useful feature of the questionnaire was the concept of self
and peer ratings Fig Ore I.1 is an excerpt of the instructions provided at the
end of each question and designed to assess the respondents' expertise.

Figure I 1

SELF AND PEER RATING

Using the self-ranking definitions provided in the instructions, please
indicate your level of substantive expertise on this major question.

5 - 4 - 3 - 2 - 1

Again using the self-ranking guide, please identify those other respondents
whom you would rate as "expert (5)" or "quite familiar (4)" in their
answer to this particular question.

The categories from 5 to 1 (expert, quite familiar, familiar, casually
acquainted, and unfamiliar) were Arefully defined in the questionnaire.
Table 1-1 shows a sample of the degree of correlation between self and peer
ratings for five respondents on Question I. The general agreement between
self and peer ratings is fairly evident by a scan of the two right-hand columns
in the table. A detailed analysis of the correlation between self ratings and
the mean of peer ratings shows it to have a value of '0.52 at a significance
level of 0.007. This is considered a fairly high correlation.

, k simple averaging of self and peer ratings for each respondent on each
question, rounded to the nearest integer value, provided a weighting that was
subsequently used in aggregating responses. The particular weighting scale
that was used is shown in Table .1-2. Levels of expertise falling below
"familiar" ("casually acquainted" and "unfamiliar") were not used in the
processing. Of the three Jewels shown in Table 1-2, the "expert" category was
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.

Table 1-1

CORRELATION BETWEEN SELF AND PEER RATINGS
(Examples from Question I)

Frequency of Peer Ratings
Self Quite

Respondent Rating Expert Familiar

A Expert 10 3
B Expert 4 3
C Quite familiar 3
D Quite familiar 1 2
E Familiar

Aweighted twice as heavily as the "quite familiar" category and the "quite
familiar" was weighted twice as heavily as "familiar." In effect, this reflects
the largely empirical and intuitive notion that an expert's opinion is worth
about twice as much as one who is "quite familiar," which in turn is worth
twice as much as an individual who is ranked as "familiar!' with a topic.

Table 1-2

CONVERSION OF EXPERTISE RANKING TO WEIGHTED SCALE

Expertise Weight

Expert 4
Quite familiar 2
Familiar 1

..,

Processing of Responses

The generrl schema for processing the information from the questionnaires
was as follows:

tabulate each respondent's probability density function with respect to
change about a particular variable at a given time, or derive the
probability density function from graphical information provided by
the respondent.

multiply each probability density function by the appropriate expertise
weight (as described earlier).

add the weighted density functions of respondents.

divide the weighted and aggregated density functions by the sum of
expertise weights to normalize the group response.

combine the panel's responses on each climatic variable into a set of
scenarios spanning the range of uncertainty or range of conditions
described by the respondents.
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Question I, dealing with possible changes in global mean temperature', was a
pivotal question because perceptions of global mean temperature greatly
influence perceptions with respect to the climate variables treated in
subsequent questions.

Question I is based on Figure 1-2, a plot of historical changes in annual mean
temperature during the past century. Each respondent was asked to provide
three estimates of the future course of possible changes in global
temperature to the year 2000. The first estimate was to be a temperature
path to the year 2000 such that there was only 1 chance in 10 that the
actual path could be even lower. The second estimate was to be a path with
an even chance that temperature could be either lower or higher; and the
third was a path based on 1 chance in 10 that it could be even higher.

Figure 1-2

GLOBAL TEMPERATURES

Historical record of changes in annual mean temperature
during the past century for the latitude band, 0-80°N.

0.8

0.6

3 0.4
0

0.2

0 =1

0 2
1860 1880 1900 1920 1940 1960 1980 2000

YearThe period 1880.1884 is the zero reference base. From Mitchell, NOAA

For the purpose of this study, "global temperature" is used as equivalent to annual
mean temperature between 0° and 80° north latitude.

19 t,
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Figure 1-3 shows a sample response to Question 1 by a single respondent.
Each of the three estimates could be drawn in any functional form desired.
Pertentiles of 10, 50, or 90 can be read off for any year between the
"present" (the end of the plot in Figure 1-2) and the year 2000.,

Figure 1-3

SAMPLE RESPONSE TO QUESTION I

Actual example of a single
response to the instructions

0.8

0.6

a 0 4
0

!'
g 0 2

...

.0.2

1860 1880 1900

The period 1880-1884 is the zero reference base.

1920 1940 1960 1980 2000
Year

.1.INIIIIMIN

The processing of responses will now be illustrated using the answers to this
question by a single respondent. Figure 1-4 is a plot of the information
shown in Figure 1-3 for the year 2000, converted to a cumulative probability
function in which the ends of the function have been extended beyond the
90th percentile and below the 10th percentile in a linear approximation. For
example, the respondent has indicated a 10 percent chance that the
temperature will change by 0.04°C or less, a 50 percent chance that it will
change by 0.2°C or less, and a 90 percent chance that it will change by
0.47°C or less.** Similar values can, of course, be obtained for any other
year from Figure 1 -3.

"Thew temperature changes are in relation to the zero reference base period,
1880-1884, as shown in Figure 1-2.

19
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Figure_...4

CUMULATIVE PROBABILITY FUNCTION FOR QUESTION I
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Figure 1.5

EQUIVALENT DENSITY FUNCTION FOR QUESTION I
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The next step is to convert the cumulative probability function into an
equivalent density function by taking the first derivative of the plot in
Figure 1-4. Since the plot consists of two straightline segments, we have
:Jessica Ily two degrees of freedom, or two levels in the density function,
which is shown in Figure 1-5. The area under the curve intercepted by any
particular temperature range is equal to the probability of occurrence of that
particular temperature range, and the total area under the curve in Figure 1-5
is unity.

Figure 1-.6 shows unweighted density functions from each of two respond-
ents. The two functions are next weighted by the appropriate expertise
weights, added and then divided by the sum of the weights to obtain the
combined and normalized density function for the two respondents. Again
the area under the curve of this combined and normalized density function,
shown in Figure 1-7, is equal to unity.

Figure I-6

ADDING TWO DENSITY FUNCTIONS FOR QUESTION I
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Temperature Change ( °C) by the Year 2000

- The period 18801884 is the zero reference base.

1.5 2.0

The procedure outlined above is repeated for the responses of each of the
other panelists. Figure 1-8 is a plot of the aggregated normalized responses of
the full panel for the year 2000. An analogous procedure yields probability
density functions of mein global temperature change for the yoars 1975,
1980, and 1990. The information contained in the probability density
functions is shown in Figure 1-9 as extensions to Mitchell's original curve.
The extensions on the curve show the 10th, 50th and 90th percentiles for
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each year from the "present" to the year 2000. Intermediate percentiles are
also plotted. Thus, Figure 1-9 is a summary of the aggregated responses of
the panelists with respect to global temperature.

Figure 1.7

NORMALIZED DENSITY FUNCTION FOR TWO RESPONDENTS TO QUESTION I

-1.0 -0.5 0.0 0.5 1.0
Temperature Change (°C) by the Year 2000

The period 1880-1884 is the zero reference base.

1.5 2.0

In aggregating the responses by the method of weighted averages, it has been
assumed that the respondents are drawing from the same general information
base and, therefore, that their information is highly dependent. In such cases
of information dependence among respondents, it is customary to use the
method of weightod averages to aggregate responses. All responses are used
and weighted by the respondents' expertise as perceived by themselves and
their peers. The shape and range of the aggregated curves are not acutely
sensieve to the weighting system used. The method it "conservative" in the
sense that the derived probability CUP/O$ tend to be broad and to overstate
uncertainty as a result of the additive treatment of the individual subjective
probabilities. Had the respOnses been based on independent information, a
multiplicative treatment of the individual probabilities would have been
more appropriate, and the derived probability curves would haveshown less,
dispersion.

Ufl
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Figure 1.8

PROBABILITY OF MEAN NORTHERN HEMISPHERE TEMPERATURE CHANGE
BY THE YEAR 2000 AS DETERMINED BY THE PANEL OF CLIMATIC EXPERTS
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Scale A is based on the period 1880-1884 as the zero reference base (see Figure 1.2).
Scale B is basedvn the period 1985-1989 as the zero reference base (see the end point on Figure 1-2).
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Figure 1.9

-^ PROBABILITY OF MEAN NORTHERN HEMISPHERE TEMPERATURE CHANGE
TO THE YEAR 2000 AS DETERMINED BY THE PANEL OF CLIMATIC EXPERTS
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CLIMATE SCENARIOS

Use of Scenarios

A convenient procedure for dealing with a range of uncertainty when it is
not possible to construct quantitative models is through the use of scenarios,
which may be considered plausible sequences of events or trends. Scenarios
describe interconnectionsperhaps even causal processesand highlight,
where possible decision points. In a sense, a scenario is a possible "slice of
future history."

Constructing Scenarios

In the present instance, since responses on global temperature are pivotal in
setting the stage for cther climate variables, the plot in Figure !-Scan be used
as a basis for dividing the perceived temperature range into a number of
categories. These categories then become the bases for constructing
scenarios. The number of categories (and scenarios) is, in a sense, arbitrary
and can be three or five or even a larger number, if desirable. Table 1-3 shows
the perceived- temperature range divided into five categories. They range
from large global cooling to large global warming. Associated with each
temperature range is a probability of occurrence who' in fact, the
temperature ranges were selected to make these probability ranges symmetri-
cal.'

Talilc 1.3

DEFINITION OF TEMPERATURE CATEGORIES

Tt perature
Category

Large cooling

Moderate cooling

Same as last 30 years
Moderate warming

Large warming

Change in Mean Northern Hemisphere

Temperature from Present° by the
Year 2000

0.3°C to 1.2°C colder

0.05°C to 0.3°C colder

0.05°C colder to 0.25°C warmer

0.25°C to 0.6°C warmer
0.6°C to 1.8°C warmer

Probability

0.10

0.25

0.30

0.25

0.10

"Present" temperature is defined as the end point on Mitchell's graph (Figure 12) -- i.e.,
the average temperature for the five year period ending in 1969.

In order to process information with respect to other climate variables, it is
useful to group respondents with respect to these five temperature ranges,
according to where the bulk of each respondent's probability density
function lies. Table 1-4 is a matrix showing each of the five temperature
categories arrayed as rows and the 19 respondents in 5 groups arrayed as
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columns of the matrix. As will be rated in Table 1-4, the bulk of each
group's probability density functions lies along the diagonal element of the
5x5 matrix (one respondent at each end, three and four at the intermediate
ranges, and ten in the middle range).

The iesults of the information collected under Task I have been embodied in
a set of five scenarios described in Chapter II, with more detailed discussion
and comparisons in Chapter Ill.*

The scenarios are labeled in accordance with the global temperature
categories in Table 1-3. One purpose is to provide an integrated summary of
perceptions of climatologists on climate change and variability to the year
2000. An equally important purpose is to provide a point of departure for
structuring questions in Task II and to trace the impact of such possible
climatic changes on food production and on the choice of policy options.

Table 1.4

PERCENTAGE OF GROUPED PROBABILITY DENSITIES LYING IN
EACH TEMPERATURE CATEGORY

Temperature
Categories

Number of Respondents
1 3 10 4 1

Large cooling 99 12 2 --

Moderate cooling 1 68 24 10
Same as last 30 years 20 52 31

Moderate warming -- 22 44 20
Large warming -- 15 80

'Erie procedure for creating scenarios corresponding to the five global
temperature categories is as follows:

Each respondent is first assigned to a global temperature category, as
described in Table 1-4.

Responses within each temperature category are combined for all other
climatic variables (except for precipitation and precipitation variability,
where all responses were available**)..

Responses are integrated into a narrative, supported by summary tables.

The responses to Question VII, "Outlook for 1977 Crop Year,"are not included in the
scenarios. That portion of the information for which expertise levels were considered
adequate has been processed and iF shown in Appendix B. Included is an analysis of
subjective probabilities concerning the persistence of droughts in the U.S.

**For questions on precipitaticn and precipitation variability only, information was
elicited from each respondent based on conditional' assumptions with respect to global
temperature.
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Figure 1-10

The processing steps for Questions II through X are identical to those for
Question I except that, of course, in these other instances, density functions
or equivalents are provided directly by the respondents and need not be
derived through the use of cumulative probability.

QUESTION VI MID-LATITUDE DROUGHT Frequency of Drought

Time
period

"Frequent" -i.e.,
similar to early to
mid-1930's and early
to mid1950's

"Average"-i.e.,
similar to the
frequency over
the longest period
of record available

-

"Info equeitt"-
i.e., similar to
1940's and 1960's

Total
Probability

US
Other mid-
latitudes US

Other mid-
latitudes US

Other mid-
latitudes US

Other mid-
latitudes

1977

to
1980

. 1.0 1.0

1981

to
1990

1.0 1.0

1991

to
2000

0

1.0 1.0

The sequence of steps is illustrated by using Question VI, which concerns
mid-latitude drought. Figure 1-10 is an excerpt from Question VI. Table 1-6
illustrates how responses for one of the time periods (i.e., 1991 to the year
2000) were weighted and aggregated in the Moderate Warming scenario. The
process outlined for Question VI is repeated for each of the other questions.

Table 1.5

FREQUENCY OF DROUGHT IN U.S. IN 1991-2000

Respondents Assigned

to Moderate Warming Expertise Frequent Average Infrequent

A 3 0.25 0.50 0.2C
B 3 0.60 0.20 0.20
C 5 0.60 0.20 020

Weighted average 0.54 0.25 0.21
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Review of Scenarios

In June 1977, the project Advisory Group recommended that an ad hoc
panel review early drafts of the five scenarios for internal and mutual
consistency. Accordingly, project staff met in July with six climatologists at
the National Center for Atmospheric Research at Boulder, Colorado. The
reviewers paid particular attention to the large and moderate warming and
cooling scenarios, i.e., those constructed from the smaller data bases. The
details and the conditional probabilities of these end scenarios, herefore,
reflect the judgments of more people than the limited number of panelists
who responded to the questionnaires along the lines of these scenarios. The
review process, which essentially strengthened the data bases of the end
scenarios, resulted in significant changes to only one of them, the large
global cooling scenario.

Nature of Scenarios

Each scenario seeks to describe average climatic conditions as they might
exist in a period of years around A.D. 2000. The conditions do not refer
specifically to the year A.D. 2000; the climate of that year is likely to differ
from the scenario projection to an extent consistent with normal year-to-
year climate variability. Some Indication of the course of climate changes
between the present time and the end of the century is also given in the
narrative, and in the tables appended to each scenario.

Each scenario is assigned a "probability of xenario." This "probability" is a
derived value based on the panelists' probabilistic temperature forecasts and
a weighting scheme to take into account each respondent's expertise as rated
by himself and his peels. Therefore, it reflects the range of judgments
expressed by the climate panel and the strengths of their beliefs, as well as
their level of expertise.*

This probability should not be construed es the likelihood that the total
scenaric will actually materialize in the future. The correct interpretation of
the "probability of scenario" involves the following considerations:

"A "prohlibil.ity" of 0.25, for example, does not mean that there was universal agreemest
that the scenario in question would occur with probability 0.25. Nor dues it mean that
25% of the panelists "voted" for that particular temperature change to the exclusion of
other changes. Roughly speaking, the "probability" 0.25 is an amalgam of the proportion
of panelists who gave some credence to that particular temperature change, the strength
of their individual "beliefs" in the change (their individual probabilities of o.x:urrence)
and their Individual expertise.
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(1) The "probability" is essentially, a measure of the confidence, expressed
col!ectively by the climate panel, that the global temperature change
between circa 1970 and Circa A.D. 2000 will lie in the range indicated by the
scenario. This measure of confidence bears an unknown relationship to the
probability the the scenario will actually occur.

(2) It was assumed that the global temperature change- indicated by the
scenarios has a negligible probability of being greater than +1.8°C (the upper
limit of Large Warming) or less than -1.2°C (the lower limit of Large
Cooling). In this respect, the five scenarios, taken together, are considered to
bracket all realistic outcomesi.e., the probabilities of the five scenarios sum
to unity.

(3) Details are given in each scenario which elaborate on the scenario in
respects other than stipulated global temperature change. These are
considered by the climate panel to be reasonable inferences about future
climatic developments that are consistent with the global temperature
change. These details by no means exclude other possible developments.
Hence, they are not necessarily to be construed, individually or in
combination, as having a probability as high as that indicated for the
scenario as a whole. Conditional probability information, given in the tables
included with each scenario, can be combined with the overall probability of
the scenario to assess the absolute level of confidence to be placed in future
events specified in the scenarios. For example, one can find the overall
"probability" of a specified event (e.g., "frequent" drought in the U.S. for
the period 1991.2000) b.,, first calculating for each scenario the product of
the "probability" of the scenario and the conditional probability of the
event for that scenario, and then summing the products for all five scenarios.

e

2o?
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APPENDIX A

CLIMATE QUESTIONNAIRE

INSTRUCTIONS FOR QUESTIONS

A. Attached is a set of 10 major questions, scme of which have several parts. The timespen for
the questions varies from the relatively near term (the outlook for the 1977 crop season) to the
climate by the end of this century. All individual answers will be held, in strict confidence. The
aggregation and quantitative analysis of the responses will be made available to all participants and
will be included in the final report.

We would appreciate your answering all of the questions in their present form. Your subjective
responses may be used to generate another set of question: end to build a set of future climate
scenarios. If, in reviewing and answering these questions, you feel strongly that a particular question
should be rephrased or additional questions included, you are invited to add your comments or
additional questions on extra pages.

B. In questions referring to latitudinal belts, the following definitions apply:

POLAR latitudes 65' to 90'
MIDDLE latitudes 30' to 65.
Higher middle 45' to 65.
Lower middle 30° to 45.
SUBTRCICAL latitudes 10' to 30.

C. For each of the 10* major questions, using the self-rating definitions provided below, please
indicate your level of substantive expertise.

D. Please identify those other respondents whom you would rank as EXPERT (5) or QUITE
FAMILIAR (4) in responding to each of the questions.

E. Guidande for self-ranking expertise:

(5) EXPERTYou should consider yourself an expert if you belong to that small community
of people who currently study, work on, and dedicate themselves to the subject matter. Typically,
you know who else works in this area; you know the US and probably the foreign literature; you
attend conferences and sern:nars on the subject, sometimes reading a paper and Sometimes chairing
the sessions; you are most likely to have written up and/or published the results of your work. If
the National Science Foundation, National Academy of Sciences, or a similar organization were to
convene a seminar on this subject, you would expect to be invited, or, in your opinion, you should
be invited. Other experts in this field may disagree with your views but invariably respect your
judgment; comments' sach as "this is an excellent person on this subject" would be typical when
inquiring about you.
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CLIMATE QUESTIONNAIRE

INSTRUCTIONS FOR QUESTIONS (Continued)

(4) QUITE FAMILIARYou are quite familiar with the subject matter either if you were an
expert some time agobut feel somewhat rusty now because other assignments have intervened (even
though, because of the previous interest, you have kept reasonably abreast of current developmentsin the field) ; -or if you are in the process of becoming an expert but still have some wy to go toachieve mastery of the subject; or if your concern is with integrating detailed developments in the
area, thus trading breadth of understanding for depth of specialization.

(3) FAMILIAR -You are familiar with the subject matter if you know most of the arguments
advanced for and against some of the controversial issues surrounding this subject, have read a
substantial amount about it, and have formed some.opinion about it. However, if someone tried topin you down and have you explain the subject in more depth, you would soon have to admit that
your knowledge is inadequate to do so.

(2) CASUALLY ACQUAINTEDYou are casually acquainted with the subjectmatter if youat least know what the issue is about, have read something on the subject, and/or have heard adebate about it on either a major TV or radio network or an educational channel.

(1) UNFAMILIARYou are unfamiliar with the subject matter if the mention of it
encounters a veritable blank in your memory or if you have heard of the subject, yet are unable to
say anything meaningful about it.

.*

20J
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I. GLOBAL TEMPERATURES

Shown below is a historical record of changes in the annual mean temperature during the past
century for the latitude band, 0-80°N.

CHANGE (°C) IN ANNUAL MEAN TEMPERATURE, 0-80°N. LATITUDE

0.8

0.6

U
0.2

0

0.2
1860

..,

I
al

41111

1880 1900 1920 1940

YEAR

1960 1980 2000

Source: Mitchell, NOAA

On the graph shown above, indicate your estimate of the general future course of the change in
mean annual temperature (for 0-80° N.Lat.) to the year2000 by:

drawing a temperature change path to the year 2000 so that you estimate only 1 chance
in 10 that the path could be even lower

drawing a change path to the year 2000 so that you estimate an even chance that the path
could be either lower or higher

drawing a change path to the year 2000 so that you estimate 1 chance in 10 that the path
could be higher

2i o
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I. GLOBAL TEMPERATURES

In the space below, state your line of reasoning for the family of lines you have drawn,
referencing if you wish, articles you or other scientists have written that clearly state your position
on this subject.

Using the self-ranking definitions provided in the instructions, please indicate your level
of substantive expertise on this major question.

5-4-3-2-1
Again using the self-ranking guide, please identify those other re- ondents whom you
would rate as "expert (5)" or "quite familiar (4)" in their answer to this particular
question.

EXPERT (5) QUITE FAMILIAR (4)

2 1 i



CLIMATE METHODOLOGY AND QUESTIONNAIRE 195

II. TEMPERATURE

Please fill in each block of the matrix below with your estimate of the probability of the
change (°C) in the annual temperature by the year 2000, as compared with 1970-75, for the
regions shown.

Lt

PROBABILITY OF TEMPERATURE CHANGE ( °C)

Cooling "No Change" Warming
Total,
Probability

More than
1.0°
Cooler*

0.5° to
1.0°
Cooler

0° to 0.5°
Cooler

0° to 0.5°
Warmer

0.5° to
1.0°
Warmer

More than
1.0°
Warmer*

No. Hem. polar latitudes

No. Hem. higher mid latitudes

No. Hem. lower mid latitudes

No. Hem: subtropital latitudes

So. Hem. subtropical latitudes

So. Hem. lower mid latitudes

So. Hem. higher mid latitudes

So. Hem. polar latitudes

1.0

' 1.0

1.0

1 1.0

1.0

1.0

.1.0

1.0

if you judge that there is a significant probability that the temperature change in some latitudinal belt may
exceed 1.0°(either cooler or warmer), please indicate the level of change expected along with the probability
estimate.
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II. TEMPERATURE

For the preceding major question, please state the line of reasoning for your response,
adding any amplifying remarks as you desire, or referencing articles you or other
scientists have written that state your position on this subject. Please use the space
provided below or a separate sheet.

Using the self-ranking definitions provided in the instructions, please indicate your level
of substantive expertise on this major question.

5-4-3-2-1
Again using the self-ranking guide, please identify those other respondents whom you
would rate as "expert (5)" or "quite familiar (4)" in their answer to this particular
question.

EXPERT (5) QUITE FAMILIAR (4)
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III. CARBON DIOXIDE, TURBIDITY, AND CLIMATE

Carbon dioxide, atmospheric particles,, etc., have different effects on the atmosphere and do
not have the same relative importance in their influence. Indicate the relative weight (using
percentages) of each of the factors identified below in influencing global climate over the next 25
years.

A. Carbon Dioxide

B. Fluorocarbons and other gases

C. Smoke

D. Volcanic dust

E. Other Particles,,(aerosols)

2 14

Relative Weight

(Percentage)

Sum: 100%
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III. CARBON DIOXIDE, TURBIDITY, AND CLIMATE

For the preceding major question, please state the line of reasoning for your response,
Oding any amplifying remarks 4i you desire, or referencing articles you or other
sicientists have written that state your position on this subject. Please use the space
provided below or a separate sheet.

Using the self-ranking definitions provided in the instructions, please indicate your level
of substantive expertise on his major question.

, 5-4-3-2-1
Again using the self-ranking guide, please identify those other respondents whom you
would rate as "expert (5)" or "quite familiar (4)" in their answer to this particular
question.

EXPERT (5) QUITE FAMILIAR (4)
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IV. PRECIPITATIQN *

1. Under the alternative assumptions of a temperature change as shown, please fill in each
block of the following matrix with your estimate of the probability of change in the mean annual
precipitation by the year 2000, as compared with the 1941-70 "normal" pattern, for the regions
shown.

2. In your judgment, would these probability estimates be equally as valid for growing season
precipitation as for annual totals? (yes 0; no 0) If not, please indicate the appropriate probability
estimates for changes in growing season precipitation.

3. In many parts of the earth the annual isotherms and annual isohyets tend to run parallel to
each other. In North America, however, as Newmar and Pickett describe in a 6 December 1974
Science article, the effect of the Rocky Mountains range causes the annual isotherms and isohyets
to run at approximately 90° to each other, particulariy in the midcontinental arasslands region. (See
their map, below.) South America is similar to North America in this respect due to the Andes.
Newman and Pickett note that:
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in terms of agricultural production,
theite climatic features give an advantage to
the New World continents. The mean annual
isotherms and isohyets, because they are not
parallel in the vast grassland climatic areas of
thle Americas, allow a favorable water balance
to be extended over very broad areas in the
north-south direction. Also, they allow for
agricultural production areas to be less

stratified in a north-south direction than they
are in the Eurasian continent, and ensure
against a slight mean seasonal shift in the
prevailing westerly flow; thus, they reduce
climatic risk.

Would these characteristics of the Western Hemisphere region significantly alter your estimates of
probability of precipitation change as given in parts 1 and 2 above? If your estimates for North and
South America are significantly different from those of the broad latitudinal bands, please indicate
the magnitude of these differences in the comments at the end of this coestion.
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IV. PRECIPITATION

For the preceding major question, please state the line of reasoning for your response,
adding any amplifying remarks as you desire, or referencing articles you or other
scientists have written that state your position on this subject. Please use the space
provided below or a separate sheet.

g's

Using the selfranking definitions provided in the instructions, please indicate your level
of substantive expertise on this major question.

5-4-3-2-1
Again using the self-ranking guide, please identify those other respondents whom you
would rate as "expert (5)" or "quite familiar (4)" in their answer to this particular
question.

EXPERT (5) QUITE FAMILIAR (4)

21,3
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V. PRECIPITATION VARIABILITY

The report of a climate/food conference in Bellagio, Italy, in June 1975 includes this
statement:

. . . Temperature change per se is not the most serious potential
climatic threat ice, food proJuction. There is a possiblity that,
associated with' the temperature changes, there will be increased
climatic variability. Particularly as such variability increases the
fluctuations of precipitation, it poses threats to agricultural
production.
The climatologists participating in the conference agreed that:

1. Climatic variabilityregion by region and from year to year
in particular regionsis and will continue to be great, resulting in
substantial variability in crop yields in the face of increasing global
food needs and short supplies;

2. There is some cause to believealthough it is far from
certainthat climatic variability in the remaining years of this
century will be even greater than during the 1940-1070 period.

1. Under the alternative assumptions of temperature change is shown, please fill in each block
of the matrix below with your probability estimate that the standard deviation of the mean annual
precipitation will change by the indicated amount over the next 25 years, as compared with the
average for the previous 25-year period.

2. In your judgment, would these probability estimates be equally as valid for variability in
growing season precipitation as for annual totals? (yes 0; no 0) If not, please indicate the
appropriate probability estimates for changes in variability of growing season precipitation.

3. As noted in part 3 of Question IV above, mountain ranges in North and South America
cause the annual isotherms and isohyets to run at approximately 90° to each other ininajor regions
of thee' continents. If, because of these characteristics, your estimates of the probability of change
in precipitation variability in North and South America are significantly different from those of the
broad latitudinal bands, please indicate the magnitude of these differences in the comments at the
end of this question.

21a
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IMM11111

PROBABILITY OF CHANGE IN PRECIPITATION VARIABILITY

Increase in
s.d. by 25%
or more

Less than
± 25% change .

in s.d.

Decrease in
s.d. by 25%
or more

Total
Probability

Annual
Growing
Season Annual

Growing
Season

Growing
Annual Season Annual

Growing
Season

Assuming temp.
increase of
0.5° or more mo

w .:$:'
2:4,
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... . ,

.x.::.:.....:-:.

h
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higher mid
latitudes 1.0 1.0

lower mid-
latitudes 1.0 1.0

subtropical
latitudes t.0 1.0

Assuming temp.
change of less.
than ± 05° C

.>.

..

-:::::::::::::.

..... ..

.

.:.:

...

higher mid-
latitudes 1.01 - 1.0

lower mid-
latitudes 1 0 1.0

subtropical
latitudes 1.0 1.0

Assuming temp.
decrease of

.c.0.b C or more 3$,'. .
..,.,:. ,.,'.''..,'V;;%:., ,,,,,-.5o-i::ii`.

..:-..

:.::,:;.:..

::::

... :44::::::.::::::::::::

4.:.

higher mid-
latitudes 1.0 1.0

lower mod-
latitudes 1.0 1.0

subtropical
latitudes 1.0 1.0

if you judge that there is a significant probability that the change in standard deviation may exceed 25%
(increase or decrease), please indicate the level of the change expected along with the probability estimate;
also, if the temperature change assumed exceeds 1.0°C, please so indicate.
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V. PRECIPITATION VARIABILITY

For the preceding major question, please state the line of reasoning for your response,
adding any amplifying remarks as you desire, or referencing articles you or other
scientists have written that state your position on this subject. Please use the space
provided below or a separate sheet.' .

Using the self- ranking definitions provided in the instructions, please indicate your level
of substantive expertise on this major question.

5-4-3-2-1
Again using the self-ranking guide, please identify those other respondents whom you
would rate as "expert (5)" or "quite familiar (4)" in their answer to this particular
question.

EXPERT (5) QUITE FAMILIAR (4)
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VI. MID-LATITUDE DROUGHT

At a 1975 climatic thongs symposium at the University of North Carolina, Hurd Willett briefly
described the drought pattern of the 1930-1970 period as follows:

The warm decade of the thirties witnessed the most severe
droughts of the century, In the early to mid-thirities, in many region?
of the 35° -50° latitude belt, notably the dust bowl In our **stem
plains, the Russian droughts that triggered liquidation of the Kuleks,
severe drought In sor;them Australia, and in other parts of the world.
Note that these (Oughts occurred In marginal midcontinenta/ as
opposed to east coastal regions.

"The forties eye In general a decade of generous rains In the
drought regions of the thirties, but with a tendency to substantial
deficiency in east coastal regions.

The early to mid-fifties, like the thirties, were a markedly dry
pefiod In the marginal interior continental regions, notably the
American southwestern plains. Severe drought was restricted to
latitudes equitorward of 40°. Again, there nes a notable tendency to
east coastal wetness.

The sixties were, like the forties, a decade of generous rainfall in
the marginal interior continental regions of middle latitudes, but
with some record dry years in extensive wet coastal regions. During
the sixties and early seventies, the development of WINO drought
occurred in the middle and lower subtropics, notably in southern
Asia and Africa (Sahelian area).

Willett relates the drought occurrences to a solar-climatic hypothesis of climatic fluctuation,
based on an observed relationship between solar and climatic cycles, but recognizing that
quantitative physical explanations are as yet nonexistent.

1. With this statement as background, plus your own knowledge and interpretation of past
PAIMS, please fill in each block of the matrix below with your estimate of the probability of
frequency of drought occurrence, for global mid-latitude continental areas. .

2. Would your estimates for the United States be significantly different from other
mid-latitude continental areas? (yes 0; no 0) If so, please indicate probabilities separately for US
and other mid-latitudes.
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VI. MID-LATITUDE DROUGHT

FREQUENCY OF DROUGHT

Time
period

"Frequent"-i.e.,
similar to early to
mid-1930's ano early
to mid- 1950's

"Average"-i.e., ..
similar to the
frequency over
the longest period
of record available

"Infrequent " -
i.e., similar to
1940's and 1960's

Total

erobability

US
Other mid-
latitudes US

Other mid-
latitudes US

Other mid-
latitudes US

Other mid-
latitudes

1977

to
1980

1.0 1.0

1981

to
1990

1.0 1.0

1991

to
2000

1.0 1.0

"There are almost an infinite number of definitions of drought, none of which are completely satisfactory. Drought
is defined here as in the December 1973 report to the Administrator of NOAA, The Influence of Weather and
Climate on United States Grain Yields: Bumper Crops or Droughts: "A combination of temperature and
precipitation over a period of several months leading to a reduction in yield of the major crops to a level less than
90% of the yield expected with temperature/precipitation near the long-term average values." It should be
recognized, however, that yields t--ally are quoted on a harvested acre basis. In drought years there tends to be a
much larger abandonment of crops as well as some deviation in expected yield.

9e ti
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VI. MID-LATITUDE DROUGHT

For the preceding major question,' please state thl line of reasoning for your response,
adding any amplifying remarks as you desire, or referencing articles you or other
scientists have written that state your position on th;s subject. Please use the space
provided below or a separate sheet.

Using the self-ranking definitions provided in the instructions, please indicate your level
of substantive expertise on this major question.

5-4-3-2-1
Again using the self-ranking guide, please identify those other respondents whom you
would rate as "expert (5/' or "quite familiar (4)" in their answer to this particular
question.

EXPERT (5) QUITE FAMILIAR (4)

22,1
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Introduction

The model used by the U.S. Department of Agricul-
ture (USDA) for its long-range, world food projections
is the Grain-011seed-Livestock (GOL) mock'. Thz COL
model was developed by Anthony S. Rojko and his col-
leagues at USDA.

The model was that described in a journal article
by Rojko and Schwartz in 19761 and later in a USDA re-
port.' Both descriptions are reprinted here.

The USDA also used three submodels to obtain figures
for arable area, total food production and consump-
tion, and total fertilizer use. No documentation for these
models is available. What could be learned of these

225

models was explained in a short section in Volume 2,'
which is reprinted here for canpleteneu.
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MODELING THE WORLD GRAIN-OILSEEDS-LIVESTOCK ECONOMY
TO ASSESS WORLD FOOD PROSPECTS

By Anthony S. Rojko and Martin W. Schwartz*

Mathematical programming methods are used as a frathework to
evaluate world food prospects. Emphasis is on analyzing the
world pain-oilseeds-livestock economy to capture the interac-
tion of the predominantly cereal economies of the developing
world and the livestock economies of the developed world as
they compete for the world's agricultural resources. The mathe-
matical model, called the Grain - Oilseeds- Livestock (GOL) model,
incorporates general population and income growth rates,
demand and supply price elasticities, input variables, and assump-
tions about basic underlying economic trends and policy con-
straints.
Keywords: Projections, grain-oilseed-livestock model, trade
models.

A model of the world grain-oilseed-livestock economy
(GOL) has been developed within the Economic Ftes^arch
Service (ERS) to generate projections of world food pro-
duction, consumption, and trade to 1985 and 2000.'
World equilibrium models exist for individual commodi-
ties or limited commodity aggregates, and individual
country models integrate the grain, oilseed, and livestock
sectors. The GOL model, however, is one of the first
equilibrium models to consider the broader feed-livestock
relationships at the regional and world level. It relates
the grain--Aiented food economies of developing regions
with the livestock-oriented food economies of developed
regions in a more complete and logically consistent man-
ner than has been done in the past.'

S. Rojko is Program Leader, Commodities Pro-
gram Area, Foreign Demand and Competition Division (FDCD),
ERS. Martin W. Schwartz is Mathemeticin, Commodities Pro-
gram Area, FDCD, ERS.

' This article reports on one phase of an ongoing research
effort aimed at- generating and maintaining up-to-date price,
production, consumption, and trade projections for the major
regions of the world. This effort requires substantial ongoing
teamwork from members of the Commodities Program Area
working with others in FDCD and other ERS divisions in the
area of econometric model development and country-specific
analyses. Significant inputs have been made by Donald Regier
(livestock), Patrick O'Brien (stains), Arthur Coffins (aims),
Robert Barry (rice), Myles Mielke (dairy), and Linde Bailey.
Several people have helped to develop the computer programs,
beginning with Francis Urban in the early stages, Haulm
Fuchs during the main development stage, followed by Fenton
Sands and Martin Schwartz. The work summarized here has been
reported in detail in several other ERS publications(8, 20.22).
It was discussed in context with other ERS forecasting and nro-
jectices models on (6).
Note: Italicized numbers in parentheses refer to items in Refer-
ences at the end of this article.
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GOL is an operational model used as an integral part
of ongoing ERS projections work (6). The export pro-
jections tie in with detailed U.S. models. It is also used
as an analytic tool providing a quantitative dimension to
otherwise qualitative international policy analysis.

Using population and income growth rates, supply
and demand elasticities, physical input-output rates, and
policy assumptions as inputs, the model projects area,
production, food and feed use, trade levels, and prices
for each commodity. Eleven basic commodities are in-
cluded: wheat, rice, coarse grains, oilmeal, soybeans,
beef and veal,- pork, poultry, milk, butter, and cheese.
The world was divided into 27 regions: eight developed,
three centrally planned, and 16 developir.g. MI regions
have some crop equations, but not all regions have live-
stock equations. The centrally planned regions have col-
lapsed international trade equations only.

The equations in the model were developed to reflect
(1) the economic behavioral patterns of the grain-oilseeds-
livestock economy, (2) the important technical input-
output relationships, and (3) the institutional setting and
policy constraints. An attempt was made to model changes
in consumption preferences (such as increasing desire for
livestock products and increasing use of grain in livestock
products and increasing use of grain in livestock produc-
tion; changes in resource mixes, and changes in both
crop and livestock productivity. Tice individual regional
commodity coefficients were synthesized from existing
studies and analyses, notably (3. 5, 11-13, 14, 16, 18, 19,
23 and 24).

MODEL STRUCTURE'

Within GOL, most commodities supply, demand,
aud trade sectors modeled. The flip,. .ollowing shows
the relationships among the endogenous variables for a
typical region. The crop supply sector appears at the far

'A prirrAry purpose in donlopmcnt of the inudel win 10
provide a quantitative basis for assessing the world food pros-
pects of the developing world in the context of the total world
grain and livestock complex. Several reports (4, 9, 28) have been
concerned with this issue, as well as two ERS reports (7) and (8)
that used results from this model.

'This model builds upon the world grain model developed
by Rojko, Urban, and Naive (20). The approach has also been
influenced by model development by Bawden (2), Judge and
Takayama (1.5. 26. 27), and others (10).
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SUPPLY AND DEMAND SECTORS FOR A TYPICAL REGION IN GOL MODEL

CROP SUPPLY FOOD GRAIN DEMAND
FEED-LIVESTOCK MEAT-DAIRY

SUPPLY DEMAND

TOTAL
AREA

left of the chart. The key endogenous variable is total
area, defined u a function of the prices for the region's
most important crops. Individual crops compete for total
area based on historic shares and projected relative prices
of the crops. Production Is determined from the area and
from crop prices; prices are included to allow response
to higher input use when prices are higher. Typical grain
supply equations' for a region are:

'total area - F (wheat and other crop prices)
Wheatarea - (total area, price of wheat, corn,

and meal)
Wheat production F (wheat area, wheat

price, exogenous input bundle)

Grains demanded for human food are functions of
grain prices, income, and population. The price elastic-
ities allow variance in both total food demand for grain
and the relative shares of individual grains. Demand for
meats and dairy products, shown on the far right of the
chart, are modeled similarly. Typical equations are:

Wheat demand for food - F (price of wheat,
corn, price, rice., income; population)

Beef demand - F (price of beef, pork, and
poultry; price, income; population)

Note: Crop areas sum to total area in these equations.
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The feed demand-livestock production sector, second
from the right In the figure, is more complex. Wiest pro-
duction is a function of meat prices, feed pricer, and
productivity. The incorporation of individual meat prices
allows competition between the meats. Grain and oilseed
teed prices Influence the cost of producing meats. Typi-
cal equations are:

Beef production F (price of beef, pork, corn, and
meal; productivity)

Feed demand is a function of appropriate grain prices,
meat prices, and II restock production. Crop prices allow
competition between feeds. The coefficients for live-
stock products are nominal feeding rates; that is, the
tons of grain used to produce a ton of livestockprod-
ucts. Livestock product prices are used to adjust feed
demand, essentially modifying the feeding rate, which
forms i second set of relations between crop prices and
livestock prices. Typical equat ono are:

Oilmeal demand for feed - F (production
of beef, pork, poultry, eggs, and milk,
price of pork, corn, and meal)

Supply and demand prices for crops and meats, shown
as arrows in the figure, &re usually related through eon-
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stint margins. Price margins fluctuate, however, in the
few selected regions where historical data indicates that
margins widen, narrow, or do both, as price levels change.

Total milk prothiction, similar to that of crops and
meat, Is a function of milk price, feed prices, and pro-
ductivity growth. However, dairy products and prices
are treated somewhat differently because of the physi-
cal production process. Total milk production is proc-
essed into cheese or butter or sold as fluid milk products.
The supply function for fluid milk is, in fact, also the
demand function because fluid demand is filled first.
Thus, the function is defined as a function of milk price,
income, and population. Production of cheese and butter
depends on the relative demand for these products; thus,
relative product prices and other demand factors deter-
mine their output. Cheese production is a function of
cheese and butter price, population, and income. Popula-
tion and income are included to reflect the continuing
longrun growth In demand for cheese. Mathematically,
butter production is treated as a residual. Through use
of physical conversion factors, total milk production not
required for fluid milk and cheese becomes butter. The
supply prices of total milk, butter, and cheese and the
demand price of fluid milk products are related to reflect
product yield.

Economic activity between regions is related through
trade prices and a world equilibrium for each commodity
traded. The commodItyspecific world equilibrium equa-
tions state that total world production minus total world
demand equals the change in stocks. Stock changes are
either predetermined or treated as residual, depending
on the purpose of the particular simulation. Each region's
Import or export prices are related to the region's
demand price, either through constant margins otthrough
decreasing margins as trade prices increase. That Li, it is
assumed that whenever import prices increase, the entire
increase will not be passed on to consumers. Finally,
trade prices in the different regions are related.

GOL incorporates a number of exceptions to the
treatment outlined above. These exceptions are included
to more accurately model a particular region. For exam-
ple, variable levies are included in the equations for the
European Economic Community (EC). In addition, spe-
cial equations linking the original six countries (EC-6) and
the new members (EC-3), which are modeled as separate
regions, are included to reflect the gradual harmonization
provided for in the EC's Common Agricultural Policy.
For major exporters, the unusually high response suggested
by the supply coefficient at lower levels of total resource
use reflects policy ?talons to withhold area from produc-
tion. In contrast, the low response Indicated at high levels
of resource use reflects slowed producer response in an
open-market situation. Consequently, many of the coeffi-
cients in the over 900 equations of GOL reflect a combi-
nation of economic variables as well as policy constraints.
Thus, meaningful use and interpretation of output ot s;'e
model require an understanding of the implications in-
tended.

ALTERNATIVES PRESENTED BY
THE MODEL

The GOL model has been used both to assist analysis
of broad alternative futures and to assist answering spe-
cific questions. The broad alternatives usually specify in-
come growth or technological progress as being faster or
slower than expected. Or they specify genet,, changes
in import restrictions. The broad alternatives are imple-
mented by changing, uniformly, the income or popula-
tiol growth rates for the developed or developing regions
and by changing specific model parameters that represent,
for example, import levies. Some specific questions for
which runs have been developed are these:

What would happen to production, consumption,
and trade if the U.S. export price of grains were
fixed?
What would result if Brazil added substantially to
its oilseed area?

Answering such questions often requires adding addition-
al equations and variables to the model, and, usually,
careful consideration of the overall model structure.

STATUS OF MODELING EFFORT

The modeling efforts outlined here are in varying
stages of developinent with regard to:

Testing the mathematical feasibility of quantifying
the Interaction of economic, technical, and policy
considerations.
Developing computer capabilities to generate and
present alternative futures at reasonable costs
Exploring the issue of short-term forecasts versus
long-run projections
Establishing linkages to other models that have dif-
ferent aggregations and
Retaining GOL's stochastic properties and assessing
the probabilities of alternative futures.

The GOL model moves beyond previous ERS efforts
to developing an ongoing detailed world model with
several commodities, one sufficiently flexihle to project
alternative futures that are internally consistent within
and between alternatives. The computer program con-
sists of three parts: (1)a matrix generator to facilitate
data input, (2) the MPS-3 programming system for
obtaining the solution, and (3) a report writer for pre-
senting results.'

'Roger Strickland helped develop the matrix generator
(17, 25). Current costs for the usual run at USDA's Washington
Computer Center are about $20 for the matrix generator. S20
for the solution, and S3 for a printout ot the results. Output in-
cludes about 30 tables containing data on supply and distribu-
tion, prices, per capita production and consumption, and
growth rates; and specia' immary tables.

22
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Level of Detail
GOL's main strength is its level of commodity, region-

al, and price detail. It provides for resource competition
across the crop sector and demand competition among
different crops for food and feed use. GOL also incor-
porates physical input-output rates in the feed-livestock
sector and in the crop sector of the developing countries.
The regional detail differentiates producing and cohsum-
ing regions as well as regions at different levels of eco
nomic growth and income levels. The model's supply,
demand, and trade price detail allows policy flexibility
on production and marketing strategies. While the detail
incorporated into GOL leads to a number of computation-
al problems, exclusion of any of the model's commodity,
region, br price components could reduce cross-commod-
ity and cross-region competition and differentiation.

*Limitations
A number of programming limitations affect GOL.

The endogenous (simultaneous) part of the model is lim-
ited to linear equations. At low price lev-:s, such equations.
tend to generate very low price response. Nonlinearities
are handled by specific changes to the input file; that is,
by compensating througp coefficient adjustments. Also,
the current version of the model does not include a trade
matrix or an objective function. Though set in a linear
programming (LP) framework, GOL has a square matrix,
in which the solution algorithm is used as a matrix inverter.
A transportation and transfer matrix and objective func-
tion could be added at some later date.

GOL is a static equilibrium model. Though this charac-
teristic may be appropriate for long-term projections, it is
not satisfactory for short-term and, possibly, intermediate-
term forecasting. Equilibrium point estimates can be made
for different projected time periods, but estimates for
each period are independent of estimates for any other
period. A more ideal system would project a dynamic
sequence of estimates, beginning from some current level
because some variables (such as stock levels and produc-

t tion shortfalls) are critical in the short and intermediate
term. Other variables (such as population and those fac-
tors affecting the resource base) would predominate in
the longer run. The modeling system should permit test-
ing the impact of a disturbance, such as a production
shortfall, at any future point in time in relation to the
projected situation at the point of disturbance. Work in
this area, taking into account trade flows, is being pur-
sued by Takayama in Illinois and, to a lesser extent, by
Johnson at North Carolina State. ERS economists, par-
ticularly Kost and Schwartz, are also working to link long-
range projections with short-term forecasting in the inter-
national area.

Future Refinements Under Consideration
Three methods are currently being considered to solve

GOL's programming limitations. First, the number of vari-
ables could be reduced by combining some regions or by

eliminating the "accounting" variables; that is, those
variables which appear only in their definitional equa-
tions. Second, the GOL model could be taken out of the
LP environment, as other solution algorithms may be
preferable. Third, pre- and post-optimization routines
could be added to the computational system. For exam-
ple, it might be desirable to divide the model Lit° sub-
sectors, as explained below. This procedure would reduce
the number of variables and equations that would be
needed for the LP (or quadratic programming) optimiza-
tion routine.

Another area needi4 ore study is that of linkages
with other internatiom models, whether in terms of
inputs or outputs. Link. questions also arise from
problems of aggrer disaggregation. Factors such
as income lin! .ak_il, model to a country or region's
general economy. However, no provision is made for feed-
back, which could, be important in those developing coun
tries where agriculture is the major sector I., the economy.
A multicommodity model, in some instances, should also
be linked to more global trade models to reflect changes
in foreign exchange positions and their impacts on com-
modity trade. Linkage to a more detailed single-commod-
ity model may also be desirable. Also important is tying
the GOL model output into the more detailed ERS core
projections system for the United States and providing for
cross-model interaction. More formal interaction is needed
here.

In the current version of GOL, grains were empha-
sized, and livestock products received less than full cover-
age. As more information becomes available, particularly
for the developing countries, the livestock sector could
be enlarged. This change could require creating separate
detailed submodels which could be linked to a more aggre-
gate type of GOL model. Subsector models of this type
could be integrated into a -ollapsed version of GOL in
which only the excess supply and demand functions
(trade) would be solved simultaneously.

Very little formal analysis has been done to evaluate
the stochastic properties and assess the probabilities of
alternative GOL projections. This work would require
assessing the probabilities of the assumptions as well as
the stochastic properties of the model structure. Project-
ing backward into history might provide some clues. How-
ever, projections of alternative futures often involve
changes in structures that have no historical record. Fur-
ther analytical effort is needed to document those parts
of the model with stochastic properties and those with
out them, so that the relative probabilities of the projec-
tions can be realistically assessed.

WORLD GRAIN-OILSEEDS-LIVESTOCK
ECONOMY, 1985: ASSUMPTIONS

Each of the alternative projections of the GOL model
has involved general as well as specific assumptions. Sev-
eral of them, such as the absence both of major wars
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and natural disasters, are common to all the alternatives.
Incorporating a natural disaster br world war assump-
tion would completely overshadow the relationships
within the agricultural sector or the general economy,
and it would shape projections to tit exogenous political
or humanitarian considerations. The areas covered in
some of the basic assumptions are outlined below.

General Assumptions
Population. Population growth is a key variant in de-

mand growth for agricultural products. The United
Nations median' variant population growth rates, as
assessed in 1974 and modified within ERS to reflect
subsequent developments, were used for each region.
An exception was the United States, for which popula-
tion is projected according to series III figures from the
U.S. Department of Commerce. Frog' 1969.71 through
1985, population is expected to increase 0.8 percent
annually in the developed world and 2.7 percent annu-
ally in the developing market economies.

Income. Income is another key variant in demand
growth for agricultural products. While populatiOn may
be the single most important demand factor in the devel-
oping countries, income is the most significant contribu-
tor in the developed nations.

USDA projections use real per capita private con-
sumption expenditure (?CE) or, when PCE data are not
available, either gross domestic product or net material
product as demand shifters. The basic income projec-
tions used in GOL are the projected "trend" income
values from the Food and Agriculture Organization's
(FAO) 1974 Assessment. For the developing countries,
FAO rates to 1985 are above the trend levels of the last
decade and a half. GOL's alternative projections are
based largely on adjustments to those basic income
growth rates. In all cases, however, income and price in-
puts are measured in constant currency units with a
1970 base.

Specific Assumptions
Technology and Inputs. The projections assume that

technology will continue to evolve as in the recent past.
The developed countries, and, to a lesser extent, the
developing countries, will continue to take advantage of
technological innovations. Rates of adoption, however,
will generally .remain limited by the relative costs of
inputs, particularly the energy costs assumed to be higher
for the projected period than in the past decade. More
specific adoption assumptions, particularly for the devel-
oping countries, are inmporated into individual GOL
alternatives.

Some analysts question whether technological im.
provements.will permit increases in crop yields over the
next decade and a half at the rates achieved over the last
two decades. However, analyses of growth in grain yields
in the major grain-producing regions of the world for
1965.75 fail to substantiate the contention that growth
in grain yield is stagnating.

Weather Variability and Stock Change. Weather varia-
tions and stock levels are key factors affecting supply
availabilities, price fluctuations, and trade levels. Pro-
duction levels in any one year will be affected by long.
term weather trends as well as by year-to-year fluctua-
tions. Alternative stock policies aimed at accumulating
and drawing down reserves in periods of surplus or pro-
duction shortfall can either aggravate or minimize the
price and r3nsumption adjustments generated by wea-
ther fluctuations.

The GOL alternatives all assume normal weather.
Small fluctuations in stocks are associated with a normal
weather assumption. If weather patterns deviate substan-
tially from the normal of the last two decades, and if
shortfalls occur more often than twice a decade, substan-
tially high production levels in the "good" years would
be needed to accumulate sufficient stocks to maintain
consumption in "bad" years. Given the probability of
shortfalls and specific policies as to how much these
would be covered from stocks and how much met by
cutbacks in consumption, another GOL alternative could
be projected to quantify changes in price, production,
consumption and trade levels.

Policy Assumptions. The policies of the major impor-
ting countries can affect production, consumption, and
trade as much as can the interactions of economic varia-
bles. Agricultural and trade poicy assumptions are incor-
porated into the different alternatives, explicitly or im-
plicitly, through adjustments in the coefficients. For
example, the total area equation for the major exporting
countries has a very responsive price coefficient to
reflect the effect of open-market forces as well as likely
government action to adjust area to changes in foreign
and domestic supply and demand conditions.

The price and stock policies of the major exporting
countries are basic to all the alternatives.' The major
exporting countries are expected to continue their pres-
ent policies of adjusting production levels and of carry-
ing at least the minimum stocks necessary to keep the
world in relative balance rather than to permit sizable
surpluses and deficits to develop.

The restrictive trade and domestic agricultural pro-
duction policies of the major developed importing coun
tries other than Japan are expected to continue through
1985 in GOL's base alternatives. The countries of West-
ern Europe in particular are assumed to maintain at least
current self-sufficiency rates through continuation or
modification of present food and fiber policies. It is
assumed, for example, that the EC will continue to use
variable levies to control the flow of imports. It is also
assumed that price policies of other Western European
countries will result in price levels similar to those in the

`Given the key U S role in either the export or Import of
all the amimodities cons'dered in G01,, the appropriate U S.
c.i.f, or f.o.b. price is used as an inditator of world supply and
demand conditions.
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Community. Possible changes in policy mixes are tested
under different alternatives.

The longrun level of U.S. trade with the USSR,
People's Republic of China, and Eaitern Europe is
assumed to be affected molp by political than economic
factors. Thoodh no special multicomrnodity trade agree-
ments have been assumed between the United States and
the centrally planned countries, the levels of trade pro-
jected are in line with the quantities outlined in recent
bilateral agreements.

The livestock and poultry economies starting up in
most of the developing countries are not assumed to
have taken off by 185. Foot-and-mouth disease, aftosa,
will continue to strongly-influence trade patterns. As
aftosa already exists In both Europe and South America,
trade in fresh and frozen meat between these two conti-
nents will continue. And became the disease doer not
exist in Oceania and the United States, they will be able
to export to the whole world, but they will not'import
fresh or frozen meat from any .17.'ecter! areas.

Quotas ,A1 beef imports co the United States are
assumed to continue. Imports of dairy products to the
United states also continue to be limited by quotas.
Butter is excluded and some growth in cheese imports is
permitted as demand s.arrants. Because of continued
health regulations, other policy factors, ono natural de-
velopments, fresh milk is assumed not to be traded. Pri-
mary adjustments In dairy markets between countries
will occur for butter and cheese. It is assumed that thee:
prices can be read as barometers of price pressures in the
international dairy situation.

WORLD GRAIN-OILSEEDS-LIVESTOCK
ECONOMY, 1985: RESULTS

ti

Overall Conclusions
The general results cone to all alternative sets of

1985 projections from GOL generated to date indicate
the following:

Continued growth in economic activity, particu-
larly In the developed countries, would generate a
strong and growing demand for meat and live-
stock productswide_ ail alternatives.
Per capita meat consumption grows under all
alternatives projected; however, per capita con-
sumption stagnates In the developing countries
under the low-incomegrowth alternative.
In the base projection, per capita meat consump-
tion in the commercial sector of the world meat
economy is expected to rise from 72 kilograms to
an annual average of 78 kilogram- in 1985.
Though expanding demand for le.mtock products
cannot occur without growth in income, national
production and trade policies may be more
tan: than income growth in determining world de-
mand and trade levels for meats. Policies stimulating
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or dampening meat' consumption growth in Western
Europe and Japan could alter world trade patterns
directly, and they could retard or stimulate meat
consumption elsewhere indirectly.
Continuatlon.of present policies would tend to
bring high Internal price policies and continued
barriers to meat imports in Western Europe and
Japan, including restrictions on consumption in
some developed countries because of high fuel and
energy colts.
Developed countries will continue to be the major
meat producers- nost two-thirds of world meat
in 1985.
In the base projection, a 44-percent increase in
feed grain allocation is associated with a 36-per-
cent rise in meat production in the developed
countries; in the developing countries grain use for
livestock feed grows 7C percent while meat pro-
duction increases 70 percent.
Pro; higher relative feed costs will dampen
expansion Of meat production unless economies
occur in the marketing and production structure
of the livestock sector.
If harmonization of the European Community is
fully realized by 1985, the following impacts on
trade patterns in meat follow:
The United Kingdom is largely eliminated as an

import market for third-country meat as EC
--members trade more and more with each other.
Australia loses the.United Kingdom market but
' enjoys largely offsetting expanition of exports to

the United Stotts, Japan, and elsewhere.
Argentina's loss of the EC market is not directly

compensated in the U.S. market because of the
*Rosa problem.

The United States continues to be I more Impor-
tant market than Japan and Western Europe for
meat imports; if Japan and Western Europe adopt
a less restrictive approach, the traditional exporting
countries would find markets more encouraging in
Western Europe and Japan t in in the United
States.
Over the next decade, the world can produce
enoujh grain at reasortabie prices to meet the
demand of a largely cereal diet in the developing
world and a moderately rising feed demand in the
developing world.
World trends in the production of individual grains
are expected to continue. Wheat will account for
slightly less than a third ofthe grain total while
coarse gn is are expected to increase slightly, at
the expense of rice, to roughly three-fifths of the
total Approximately two-thirds of the production
incres.e is expected to result from assumed levels
of improved yields. The remaining one-third results
from Increases in area.
Importing and exporting countries in the developed
and centrally planned countries will continue to be
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the major producers and consumers of wheat and
coarse grains; rice production and consumption
will remain concentrated largely in the developing
countries.
The big factor in the growth in demand for grain
in the developed countries will be the feed demand
generated by an expanding livestock sector.
Substantial increases in food grain demand are
expected over the next decade in the developing
market economies, primarily because of an expected
2.7-percent growth in population. Total cereal
consumption is projected to rise annually at 3.2 to
3.7 percent.
The world grain balance hinges largely on the
degree to which the lower income developed coun-
tries follow the feed usage patterns of the United
State% and the European Community. If income
grows rapidly in the developing countries and it is
translated into demand for livestpck products, or
if the medium and low-income developed countries
adopt the livestock techniques of 'apan, the
European Community and Mr United States, or if
both developments occur, grain prices v. mild be
pushed substantially above the base 1970 price
level. But as demand for feed tightens available
world grain supplies, food demand would be
expected to outbid feed demand, particularly in
the developing countries.

Specific Conclusions Regarding the
Developing Market Economies

eased on results of GOL for all 1985 projections,
certain developments are likely in the developing mar-
ket economies:

World grain production over the next decade will
permit continued improvement in per capita
cereal consumption in the developing market
economies. Per capita consumption levels are pro-
jected to rise from 172 kilograms in the 1970 base
to 185 kilograms in 1985 under the base assump-
tions. Per,capita consumption would be as high as
202 kilograms under the high demand, high pro-
ductivity alternative.
Production of cereals in the developing market
economies is projected to barely exceed the annual
population growth rate of 2.7 percent. Growth lu
production under the high productivity alterna-
tives, however, would average a full 1 percent
above the population growth rate.

The developing countries' import demand is pro-
jected to rise from 18 million metric tons in base
period to 48 million tons in 1985 under the base
alternatives and as high as 68 million tons under
the high-demand alternative. Developing countries'
imports could be as small as 34 million tons if
these countries accelerate production by increasing
Lputs and adopting updated technology at the rates
postulated under the high productivity alternative.

APPENDIX

Details of GOL Model in 975
The Appendix summarize GOL s mathematical form

and presents one region's equations (pp. 96-97).
In matrix form, the model can be written as:

AX - D

where A is a coefficient matrix (square) of linear interac-
tions, X is a vector of endogenous variables, and D is a
matrix of the exogenous parts of the model.

Though the matrix A must be linear because a linear
programming solution is used, matrix D has no such lim-
itations. The form of D depends on the assumptions
made with respect to the kird of impact expected from
the exogenous or given variables. The impacts may take
one or some combination of the following forms:

D C B (1 4. R)T
D C EZ
D - C + KT

The fin'. assumes a compound growth rate is appropria-
ate. B is a vector of bases to be compounded, It represents
a set of growth rates for particular exogenous variables,
and T is the number of years over which compounding
occurs. The second form assumes linear growth in which
E is the coefficient matrix and Z, a vector of exogenous
variables. The third simply assumes that linear trends
prevail.

In the equations, the following code is used:

Characters

First, second
Third, fourth

Fifth, sixth

23
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European Community (Euro six)

Dc-and Equations

C6QD8 + 2.6972 C6PDB - 1.6403 C6PDP + .6907 C6PDZ 1,448.4 + 4,828[1 + .6(.03263) + .005801T

C6QDP - 1.994 C6PDB + 4.528 C6PDP - .8590 C6PDZ 899.3 + 4,997[1 + .5(.03263) + .005801T

C6QDZ - .5814 C6PDB - 1.0855 C6PDP + 2.934 C6PDZ 363.88 + 1,91711 + 1.0(.03263) + .00580 + .0051T

C6QDV - .0276 C6PDB - .0392 C6PDP + .0594 C6PDV - 11.46 + 231[1 + .0058011

C6QDLM + 76.52 C6PDLM 7,881.6 + 31,526[1 + .2(.03263) + .0058011

C6QDLB + 4799 C6POLB 837.91 + 1,197[1 + .2(.03263) + .0058011

C6QDLC + .7591 C6PDLC 1,099.2 + 1,83211 + .5(.03263) + .0058011

C6WW8 + 44.46 66PDW 4,460.2 + 22,300(1 - .1(.03263) + .0058011

C6QDCH + 21.38 C6PDC 1,964.8 + 9,825(1 + .1(.03263) + .0058011

C6QDRH + .5425 C6PDR 181.19 + 604[1 + .2(.03263) + .005801T

C6QDGF - 1.3 C6QSB - 3.6 C6QSP - 2.7 C6QSZ - .25 C6QSV - .1248 C6QSL - 3.1 C6QSE - 30.92 C6PSP
+ 253.67 C6PDC - 45.72 C6PDK - 51,128.84 + 46,625[1 + .005] 1

C6QDWF - .185 C6()DGF + 20 C6PDW + 50 C6PTW - 50 C6PTC 2,150.28

.C6QDCF + 060WF - C60DGF 0

C6QDKF - .16 C6QSB - .67 C6QSP - 1.18 C6QSZ - .0326 C6QSZ - .71 C6QSE - 17.8 C6PSP - 103.3 C6PDA
+ 25.40 C6PDK - 30,474.74 + 10,546[1 + .00411

Supply Equations

C6QS8 2.27 C6PS8 + .8785 C6FSP - 6.431 C6PSL + 9.6104 C6PDC + 4.3307 C6PDK - 441.6 + 4,416[1 + .0211

C6QSP + 1.952 C6PS8 - 4.698 C6PSP + 3.098 C6PSZ + 22.028 C6PDC + 9.926 C6PDK - 2,530.9 + 5,091[1 + .02411

C6QSZ + .494 C6PS8 + .509 C6PSP - 2.743 C6PSZ + 8.356 C6PDC + 5.649 C6PDK - 768.0 + 1,920[1 + .044)1

C6QSV + .0376 C6PSB - .284 C6PSL + .3183 C6PDC - .061,2 C6PSV 165.74

C6QSE 2,576[1 + .0058011

C6QSL - 8.425 C67511 - 252.9 C6PSL + 404.9 C6PDC + 218.9 C6PDK - 3,721.96 + 74,412(1 + .00311

C6QSLC 1,859[1 + .5(.03263) + .01011

C6QSL - C6QDLM - 22.935 C6QSLB - 7.105 C6QSLC 0

C6HAT - 29.05 C6PSC - 2,192.7 + 21,925(1 - .75(.03263) + .02511

C6HAW - 71.32 C6PSW + 91.67 e6PSC - .435 C6HAIrm. 347.41 - 80 1

C6HAC + 71.32 C6psw - 91.67 C6PSC - .530 C6HAT * - 295.035 + 80 1

C6HAR - .2157 C6PSR - 38.791 + 194[1 + .003)T

C6QSW - 81.26 C6PSW 23.19 C6HAW - 1.574.99 - 63.07 C6ZI + 875 T

C6QSC - 156.18 C6PSC - 3.47 C6HAC - 3,932.2 - 78.59 C621 4 1,260 1

C6QSR - .735 C6PSR - 3.41 C6HAR 65.58 - 1.983 C6ZI + 6 T

C6QSK 549 + 10 T

Rational Equilibrium Conditions

- C6QS8 + C8015 + C6QTI5 0

C6QSP + C6QDP + C6QTP 0

- C6QSZ + C6QD2 + C6QTZ n

C6QTZ - C31)112 - 44.0

C6QSV + C6QDV + C6QTV 0

C6QSLM + C6QDLM + C6QTLM . 0
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Suropsan Conaunity (suro six)--Continuod

Seuilibriwa Conditions (Continued)

- C6Q81.8 + C6QDLS + MILS 0

- C6418LC + C641DLC + C6QTLC 0

- C6Q8W + MOWN + C6QW0 + C6Q1W 0

- C6Q8C + C6QDCI + C6QDCP + C6QTC 0

- 06Q51 + C6QDRR + C6QT1 0

- C6QSK + C6Q0K7 + C6QTX 0

Suoily-Densed Price Equations

COSS - .7 CODS 100.9 - 200(1 + .2(.03263)1T

C6P17 - .8 C6PDP 197.6 - 150(1 + .2(.03263)1T

06PSZ - .7 cum - 150.7 - 130(1 + .1(.03263)1T

SPSV - C6PDV 0

C6PSL - .1344 C6PSR - .3 T

06PSW - C6PDW - 3.30

Demand-Suooly Price Equations

C6PDU( - CSPSL 0

CSPDLI - 22.935 C6PSL - 616.303

06PDLC - 7.103 C6PSL 716.185

kakIlation
C6PD8 - C6P12 - C6112 0 + 209(1*+ .3(.03263)1T

,C6PDP - C6P1P - C6PLP - 150.0 + 150(1 + .3(.03263)1T

C6FD7 - 1.2 C3PTV 0 + 134.4(1 + .3(.03263)1T

C6PLW - C6PTW - C6PLW - 21.82

C6PDC - C6PTC - C6PLC - 3.63 + .3 T

C6PDR 061TR - C6PLR 2.64

C61DK C6PTK 0

Price Inuations Variable Levi

C6PL8 + .2 C6PTI 159.0 249(1 + .3(.03263)1T

C6PLP + .2 06777 117.2 + 297(1 + .3(.03263)1T

C6PLW + .2 C6PTW 13.04 + 45(1 + .1(.03263))?

C6PLC + .2 C6PTC 12.36 + 29(1 + .1(.03263)1T

C6PLR 4 .2 06711 30.91 + 100(1 + .1(.03263)1T

delional Price Equation.

C3PDS - 1.4 C6PSZ - 127.4 + 77.4 DVZ + 3 T
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ALTERNATIVE FUTURES FOR WORLD FOOD IN 1985

VOWME 1, WORLD GOL MODEL

ANALYTICAL REPORT

By

Anthony Rojko, Donald Rosier,
Patrick O'Brien, Arthur doffing, and Linda Bailey

Foreign Demand and Competition Division

Economics, Statistics, and Cooperatives Service

INTRODUCTION

The wide' fluctuation in food supplies of the last few yet:s--from surplus to
shortage and back to surplus--have focused attention on a number of longer term
world food problems that had been submerged during most of the last two decades.
The most important of these problems has been the increasing dependence of the
developing countries on the developed countries for imports of food. A second
problem has been the sporadic but increasingly large grain purchases of the
centrally planned economies. Still another problem arises from the increasing use
of grain and other concentrate feeds in the produCtion of meat and other livestock
products.

Until 1972, the impact of these problems was largely mitigated by the extensive
stocks held by the major grrin exporting countries, particularly the United States.
The increasing dependence of the developing world on both commercial and
concessional,imports, the increased'imort demand of the contrail/ planned
countries, and the expansion of grain-fed livestock production in the developed
world permitted the exporting countries to reduce surplus's resulting from farm
income support programs. But the use of concessional food aid shipments as part of
the exporters' surplus management program, and the low, food price policies made
possible Ly the developing countries' concsssional imports, dampened incentives to
produce food in a number of developing countries. The stock drawdown policies and
tighter production controls implemented by the United States and the other major
exporters in the late 1960's and early 1970'm reduced their grain stocks even
.further, made more grain. available to food impotters, and encouraged more extensive
use of grain in livestock production in the feed importing countries.

Production shortfalls in the USSR in 1972, followed by the Soviet's decision to
import enough grain to maintain high consumption levels, combined with shortfalls in
other parts of the world, depleted world stock reserves. Production shortfalls in
the United States in 1974 and in the Soviet Union again in 1975 could not be made up
through stock drawdowns. The world was consequently left dependent on annual
production to meet current food needs.
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Marked improvements in production in 1975/76 and again in 1916/77 virtually
reversed the world food situation by the beginning of 1977/78. With world supplies
up and consumption lagging, world stocks of grain hit a decade high, while stocks in
the United States hit a 15-year high. This pronounced shift back toward abundance
has not solved the problems that generated the world's 1972/73-1975/76 food crisis.
Recent short-term improvements in world food supplies could well worsen the world
food problem in the longer term by making supply management in the exporting
countries more difficult and by disguising problems in the deficit areas of the
world as opportunities to dispose of excess supplies.

The recent phenomenon of widely fluctuating food prices and uncertain food
supplies that arose out of this combination of weather Telated production
shortfalls, eolicy changes, and long-term trends raises the following important
issues:

- -Will the developing world continue to increase its
dependence on the developed world for food imports?

- -What will be the balance between the developed and
developing world? Imports of food versus imports of
agricultural inputs and technology?

- -What will be the pattern of adjustment forced on the
world's commercial meat economy by rising grain prices?

--What will be the relationship between grain use for food
and grain use for feed and how will it differ among regions?

Do the major exporters of grain have the long range
capacity to meet the world's growing demand at reasonable
prices?

This publication addresses these and other questions through the use of a
mathematical model to project world production, consumption, trade, and prices of
grains, oilseeds, and livestock products to 1985 under several different
alternatives.1/ These projections should not be interpreted as forecasts of the
future. The probability that a particular set of projections will materialize
depends on the likelihood of its specific assumptions and the basic relationships
underlying the projections. Moreover, long-range projections or basic assumptions
and relationships can be invalidated over time, particularly if the attention they
draw to developing disequilibria is followed by corrective action.

The major alternative sets of projections evaluated in this study can be
summarized as follows:

--Alternative I assumes a modified continuation of trends
and basic agricultural and trade policies around the world.
'International trade is somewhat restricted by protectionist
national economic policies, but not all trade restrictive
goals are'met.

--Alternative I-A assumes the successful implementation of
alternative I s protectionist policies in the developed
countries and slowed economic growth in the developing
countries.

I/ For other studies concerned with these problems see pp. 79-83.
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Alternative II assumes high income growth rates that
generate substantially higher levels of world import demand.

--Alternative III quantifies the effects of generalized
slowed income g-3wth and low world import demand in
conjunction with alternative I-A's restrictive trade
policies.

Alternative IV tests out the case of moderately higher
productivity in tte developing countries in the context of
high income growth rates and strong world import demand.

Alternative IV-A tests out the case of accelerated
productivity in the developing countries in the context of
high income growth rates and strong world illik)ort demand.

In addition, separate runs were made to capture how adverse longrun climatic
change, as reflected by lower grain yields, might affect the world grain supply-
demand balance and resources availability. Separate runs were also made to capture
the effects of more frequent crop production shortfalls, caused by bad weather, than
occurred in the two decades prior to 1972. Results of this analysis were used to
determine the amount of additional productive capacity needed to build stocks in the
"good" years to maintain consumption in "bad" years. In both cases, these
parametric runs were tested using each of the alternative I, II, and IV assumptions.

ANALYTICAL FRAMEWORK

The research reported on in this study is based on a formal mathematical model
used to project key economic variables in the world's grain, oilseed, and livestock
sectors. This report concentrates on the model's projections to 1985. 2/
Mathematical relationships underlying the model were specified to capture the
interaction of production, consumption, trade, and prices of grain, oilseed, and
livestock products.

These mathematical relationships may be grouped into nine major components:

1. Demand block--livestock

2. Supply block--livestock

3. Demand block--feed

4. Demand block food grains

5. Supply block crops
Area
Production

6. Price linkages within regions

2/ This model builds upon the world grain model by Rojko, Urban, and Naive (167)
and the approach used has been influe- ed by model development of Bawden (1007),
Takayama and Judge (1069), (1070), and others.
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7. Regional equilibrium

8. Price equations linking regions

9. World equilibrium equations for each commodity

Each component of the model may be thought of-as consisting of two basic parts:
a driving and a responding part.

The driving part of the model is made up of those variables whose levels are
determined outside of the model. Included here are the usual demand shifters, such
as population and income growth rates, and consumer preference variables, which are
usually expressed as trend values. Also included are the usual supply shifters,
including technology variables, statements on the availability and cost of basic
agricultural,inputs, factors related to nationel commercial and agricultural
policies and practices, and basic growth rates for yields der-1ved From analyses of
data for the 1950's, 1960's, and early 1970's. The specific equations of each of
the model's components specify the levels of the driving variables, as well as the
extent to which changes in these levels affect the variables in the responding part
Of the model.

The responding part of these components are 930 interacting variables that are
being projected and are contained in 930 equations specifying supply-demand balances
for up to 14 separate commodities in 28 regions of the world. In general, the
parameters defining the interrelationships do not vary between alternative
projection runs. The demand blocks consist of direct and cross demand-price
elasticities: The demand block for feed also includes physical input-output
coefficients relating it to the supply block for livestock products. The supply
block for livestock contains direct and cross supply-price elasticities. The supply
block for crops distinguishes between area and production and allows for area
allocation between crops subject to total area for these crops. The production
equation allows for yield response to changes in relative prices. The price linkage
and the equilibrium components relate the model within regionb and among regions.
This responding part of the model is solved simultaneously for given levels of the
driving variables and is essentially undonstrained. Base data centered on the year
1970 were provided for the interacting variables and their counterpart values were
projected for 1985.

The perimeters for the model's mathematical relationships were synthesized from
either statistical analyses or the judgment of experts. The model could not be a
product of a direct statistical fit because of its size. Instead, to facilitate
comparisons and permit evaluation of different alternatives, the model was built as
an integrated framework of synthesized coefficients describing the behavior of the
porld's grain-oilseed-livestock sectors. The synthesized coefficients used in the
model's equations were developed from numerous sources and adjusted when necessary
to reflect relationships among the variables. Data for 1969/70-1971/72 were used to
determine the value of the constants in the equations. But while the 3-year average
1969/70- 1971/72 was used as base for projections to 1985, developments through
1975/76 were used to evaluate model inputs and projection outputs.

The mathematical model, with the aid of a computer program, projects a set of
equilibrium values for production, consumption, trade, and prices of grains,
oilseeds, livestock, and livestock products; area, yield, and food and feed use
values are also projected for grains and oilseeds. The computer program solves a set
of simultaneous equations consistent with the specific alternative under
consideration. The equations are'specified by commodity, by region, and according to
economic function. They consequently constitute quantified descriptions of the
world's grain-oilseed- livestock economy. The equations, an sell as the supply
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distribution tables for the individual alternatives, are being published in separate
volumes. The parameters underlying the equations that is, direct and cross supply
and demand price elasticities and income elasticities of demand--are presented in a
later section of this report.

The scope and organization of economic relationships contained in the model are
shown in table 1 and f4.gures 1-2. The variable patterns for each of the model's
regions are laid out in teole 1. Grains and oilmeals are modeled in all 28 regions
of the world (see p. 9 ). Table 2 lists the countries included in each of the
model's regions. Production and acreage equations were not developed for all
regions; for instance, only international trade relationships were developed for the
three centrally planned regions. Fuller representation of the centrally planned
regions will be incorporated in future modeling phases. Minor departures from full
coverage in the other 25 regions are deliberate and reflect judgments about the
relative importance of a commodity in a specific region and the availability of
data.

Modeling of the livestock economy has concentrated, at this stage, on
representing the commercially important part of the world's` livestock economy. The

focus has been on beef-and on the developed countries and Latin America. Attention
has also been given to other meats and dairy products as competing and complementary
products and as close substitutes in consumption.

Figures 1 and 2_present schematic views of (1) a region with both a crop and
livestock sector, and (2) a region containing a crop sector only. Differences in
the modeling approach cat be summarized by highlighting the treatment of the animal
sector. Where there are complete crop and 11/estock sectors, separate production,
consumption,,,and trade bhlances are calculated for both the-crop and livestock
sectors, with production of livestock products linked technically to the quantities
of a specific crop produced for livestock feed. As a result, world trade for the
crops as well as for the livestock commodities is calculated. In regions containing
only a crop sector, factors explaining the consumption and production of livestock
products are considered to operate directly on the derived demand for crops used as
livestock feed. In such tegions, no livestock balance and no foreign trade in
livestock commodities are calculated.

(
ASSUMPTIONS

Each alternative prcjection set has its own bundle of assumptions concerning key
economic variables and policy considerations. These are discussed in detail on
pages32-62,wbere the results of the alternative projection sets are predented.
Assumptions general to ail projection sets are discussed below. As is usual, the
projections assume the absence of major wars and natural disasters that would change
the underlying factors affecting future supply and demand prospects.

Population

Population is a key variant in the model's projection of growth in demand for
agricultural products. The United Nations' "medium" variant population projections,
as reassessed in 1974, were used for all regions except the United States, for which
the lower Series III figures of the Department of Commerce were used (table 3 and

fig. 3).
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Table 1 - -Variables used in world
grain-oilseeds-livestock model

Region Wheat : Rice
Coarse

: grain
: Oilseed 1
:

:
meal Milk : Cheese : Eggs

Beef :
:

cuts
Beef.

Pork : Poultry;
Mutton

:products:

Developed countries:
United States

: DF PA D PA bF PA F PA D S D S P D P D ,P D P D P DCanada .
: DF PA D DF PA F PA D S D S P DP DP DPEC-6
: DF PA D PA DF PA F PA D S D S P D P D P D P D P

EC-3
: DF PA D PA DF PA F PA D S D S r DP DP D P D POther Western Europe : DF PA D PA DF PA F PA D S D S DP DP D P D P

Japan
: D PA DF PA DP PA DI PA D S D S P D P D P D P D PAustralia/New Zealand : DF PA D PA DF PA F PA D S D$ P D P D P D P DSouth Africa : D PA D DF PA F S D S D P D P P D P

Centrally planned countries:

.
Eastern Europe T T T T

T TSoviet Union
. T T T T

TChina
. T T T T

T
Developing countries:

Middle America , : DF PA D PA DF PA F PA
D P D PArgentina

: D PA D PA DF PA F PA
D P D P D P

Brazil
: D PA D PA DP PA F PA

D P D PVenezuela
: D PA D PA DF PA F PAOther South America
: D PA D PA DP PA F PA

High- income North Africa :

Middle East : D PA D PA DF PA
Low-incomm North Africa :

Middle East
: D PA D PA DF PA

East Africa D PA D PA DF PA
Central Africa

: D S D S D S

India
: D PA D PA DP PA F PAOther South Asia
: D PA D PA D PA

Thailand
: D D PA DF PA

Other Southeast Asia D D PA DF SIndonesia
: D D PA D PA D PA

Nigh-income East Asia : D PA D PA OF PA F PALow-income East Asia : D D PA DP PA

Rest of world
T T T T

D Demand, total or nonfood
F Derived demand for feed

P + Production
A Area

S Supply
T Foreign trade, net
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Table 2--.,ountry composition of regions in the world grain-oilseeds-livestock model

Regions

1. -Ieveloped countries:

United States

Canada

EC-6

EC-3

Other Webtern Europe

Japan

Oceania

South Africa

II. Centrally planned countries:

Eastern Europe'

Soviet Union

China

III. Developing countries:

Middle America

Argentina

Brazil

Venezuela

Other South America

Composition

United States

Canada

Belgium, France, West Germany, Italy,
Luxembourg, Netherlands

Denmark, Ireland, United Kingdom

Atstria, Finland, Greece, Iceland, -Atli,
Norway, Portugal, Spain, Sweden,

Switzerland

Japan

-ustralia, New Zealad

Botswana, Lesotho, Namibia, Republic Of
South Africa, Swaziland

Albania, Bulgaria, CzecL..tlovakia, East
Germany, Hungary, Poland, Romania,
Yugoslavia

Soviet Union

People's Republic. f China

Mexico, Bahamas, Bermuda, Costa Rica,

Dominican Republic, El Salvador,'
Guatemala, Haiti., Honduras, Britiah

Honduras, Jamaica, Nicaragua, Panama,
Trinidad & Tobago, Other Caribbean
Islands.'

Argentina

Brazil.

Venezuela

Bolivia, Chile, Colombia, Ecuador,
French cAliana, Guyana, Paraguay, Peru,

Surinam, Uruguay

21:7

Continued--
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Tablt 2-- Country composition of regions in*the worlds -oilseeds -livestock model
--Continued

High-income North Africa and Middle 'East Algeri Bahrain, Cyprus, Iran,
Israel, Kuwait, Libya, Oman, Qatar,
Saudi Arabia, United Arab Emirates

Low-income North Africa and Middle East Egypt, Jordan, Lebanon, Morocco, Sudan,
Syria, Tunisia, Turkey, Yemen (Aden),
Yemen (Sane)

East Africa

'Central Africa

Kenya, Malagasy Republic, Malawi,

Mozambique, Rhodesia, Tanzania, Uganda,,
Zambia

Angola, Burundi, Cameroon, Central
African Empite, Chad, Congo,
Ethiopia, Djibouti, Benin;

Gabon, Gambia, Ghana, Guinea,
Equatorial Guinea,GUinea-Bissau,
Ivory Coast, Liberia, Mali, Mauritana,
Mauritius, Niger, Nigeria, Reunion,
Rwanda, Senegal, Sierra Leone, Somalia,
Togo, Upper Volta, Zaire

India India

Other South Asia

Thailand

Other Southeast Asia

Indonesia 1'

High-income East Asia

Low-income East Asia

Rest of world

Afghanistan, Banglades. Bhutan, Nepal,
Pakistan, Sri Lanka

Thailand

Burma, Cambodia, Laos, South Vietnam 1/

Indonesia

(qHong Kong, Sins, pore, South Korea, aiwan,
Brunei

Malaysia, Philippine Islands

North Korea, North Vietnam 1/, Mongolia,
Cuba, Pacific Islands, Papua-New Guinea

1/ The aodel was designed before the reunification of North and South Vietnam into
the People's Republic of Vietnam.
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Table 3--World population and growth rates, average, 1969-71, and projected, 1985

Region
Population levels :Compound annual

4 growth rates1 7161F71 7713133
average : projection

: Thousands Percent

Developed countries: : 700,346 792,229 .836
United States :

Canada :

204,880 228,360
21,030 , 26,045

.726

1.436
EC-6 ': 188,084 205,127 .580
EC-3 : 63,381 67,393 .410
Other Western Europe : 82,021 89,921 .615

Japan :

Australia/New Zealand :

104,330 122,443
15,320 19,929

1.073
1.769

South Africa 21,300 33,011 2.964

Centrally planned countries: : 1,126,189 1,377,782 1.354
Eastern Europe : 125,629 139,486 .700
Soviet Union : 242,760 283,010 1.028
China : 757,800 955,286 1.556

peveloping countries: : 1,734,192 2,591,070 2.680
Middle America : 978,844 124,691 3.103
Argentina : 24,160 29,173 1.265
Brazil 94,660 144,245 2.848
Venezuela 10,788 16,681 2.948
Other South America 61,780 92,940 2.760

High-income North Africa & Middle East: 62,752 101,018 3.225
Low-income North Africa & Middle East : 116,479 177,518 2.849,_

East Africa . 57,534 90,027 3.030
.Central Africa 179,755 270,382 2.759

India 564.810 814,420 2.4/0
Other South Asia 172,100 269,024 3.023

Thailand 37,160 60.458 3.298
Other Southeast Asia 56,000 79,505 2.364

Indonesia . 119,720 177,000 2.641
High-income East Asia :

Low-income East Asia :

50,280
47,370 76,834

1.948

3.277

Rest of world 46,740 (66,964) (2.426)

World 3,607,467 (4,828,045) (1.9454)
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World Population Growth
maw* Limb ComprandAnnual

OffIVVIRMS

Figure 3

Over the projection period, 1969-71 through 1985, population is expected to
increase at an annual rate o' 0.8 percept in the developed market economies and 2.7
percent in the developing market economies.

Earlier USDA projections used higher
rates for the developed countries and somewhat lower rates for the developing
countries. At the world level, the 1.9-percent U.N. growth rate used in the model
is somewhat lower than rates used in earlier publications of the USDA.

Income

Income is another key variant in. growth in demand for agricultural products.
With given levels of population, prices, and other factors, the rate of increase in
income largely deteruines the level, pattern, and varia:ion in per capita
consumption of agricultural products. While population may be the most important
demand factor in developing countries, income is the most important factor in
developed countries.

Where available, estimates of real per capita private consumption expenditures'
were used as income variables or demand shifters. For countries where these data
were not available, either per capita gross domestic product or net material product
was used (table 4 and fig. 4). In all cases, however, the implicit prices are those
of 1970.

Income growth rates assumed in alternative I are the projected "trend" income
values published in the Food and Agriculture Organization's 1974 Assessment of the
World Food Situation, Present and Future. For the developing countries, these
"trend" income projections were arbitrarily boosted by FAO to roughly 150 percent
of the growth rates of the 1960's.
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Table 4--World per capita private consumption expenditures and growth rates,
average, 1969-71, and projected, 1985

Private consumption
expenditures per capita :Compound annual

Region 1969-71
average

: 1985 Alt. I: growth rates
: projection :

- - U.S. dollars - - Percent

Developed countries: 1,747 2,803 3.202
United States 3,026 4,660 2.921
Canada 2,237 3,490 3.009
EC-6 1,463 2,368 3.263
EC-3 1,374 1,846 1.989
Other Western Europe 1,008 1,858 4.161
Japan 966 2,142 5.452
Australia/New Zealand 1,596 2,455 2.913
South Africa 502 715 2.385

Centrally planned countries: 439 792 4.010
Eastern Europe 1,024 1,988 4.521
Soviet Union 1,202 2,422 4.782
China 113 161 2.388

Developing countries: 155 251 3.255
Middle America 449 696 2.964
Argentina 724 1,14') 3.125
Brazil ,

.r
268 6J3 5.893

Venezuela 535 796 2.687
Other South America

)
311 414 1.925

High-income North Africa & Middle East: 261 614 5.864
Low-income North Africa & Middle East : 188 306 3.301
East Africa . 117 148 1.579
Central Africa 96 133 2.220

India 73 89 1.364

Other South Asia 95 101 .409

Thailand 130 248 4.392
Other Southeast Asia : 83 99 1.182

79 114 2.500
Indonesia 255 578 5.607
High-income East Asia : 241 251 .271
Low-income East Asia

Rest of world : 181 232 1.669

World : 560 834 2.691
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Figure 4

Alternative I-A uses the same "trend" income assumptions of alternative I forthe developed and centrally planned countries. lob the developing countries,
however, alternative I-A uses rates of increase close to those of the 1960's. These
same slower growth income projections are also used for the developing countries inthe low demand alternative III.

Alternative III assume income growth rates to be gne-third lower than in
alternative I in all areas of the world, postulating that world inflation and
economic stagnation would result in a wotldwide low demand situation. For the
developing countries, this corresponds roughly tie, the:growth rates experienced
during the 1960's. The high demand alternatives--II, IV, and IV-A--assume morerapid income growth rates; for the developed countries, the growth rates are roughly
20 percent higher than in alternative I, and for the developing countries, roughly50 percent higher (table 5).

Pricei

Demand, production, and trade quantities are,projected simultaneously with majorcommodity prices in the grain-oilseed-livestock model. Commodity prices in each
projection set differ, depending on the projected supply and demand balance. All
prites are projected in real 1970 dollars because of recent high inflation rates and
uncertainty as to the future purchasing power of money. Where utilized or implied,
exogsnors prices are also expressed in terms of 1970 dollars.

23t)
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Table 5--World per capita private consumption expenditures and growth rates,
by alternative, average, 1969-71, and projected, 1985

Region :

1969-71
Base

:
1985 projection under alternative

: I I-A ' IT III IV 6 IV -A

: Real 1970 U.S. dollars

World : 560 834 814 915 730 915

Developed countries : 1,747 2,803 2,803 3,075 2,553 3,075

Centrally planned :

countries : 439 792 792 792 652 792

Developing countries: 155 251 214 317 214 317

: Compound annual growth rates, percent 1/

World : 2.7 2.7 2.5 3.3 ' 1.8 3.3

Developed countries : 3.3 3.2 3.2 3.8 2.6 3.8

Centrally planned
countries : 3.6 4.0 4.0 4.0 2.7 4.0

Developing countries: 2.0 3.3 2.2 4.9 2.2 4.9

1/ Growth rates uncle' 1969/70-1971/72 base are computed from 1960 to 1970. Growth
rates for 198 are computed from base 1970.

Exchange Rates

For about four decades prior to August 1971, the United States maintained a
stable dollar in foreign exchaage'markets. During that period, the U.S. dollar
could be used as a numeraire for purposes of international currency value
comparisons. This is no longer so confidently true.' Since then, the dollar has
been devalued twice and has been floatinft with respect to other currencies; gold has
been removed from the central position in international monetary calculations an,4
been replaced by the SDR Special Drawing Rights--unit. For thii reason, variables
in the GOL model are expressed in local currency or in "dollar equivalent" terms.
For the bane period,, 1970 exchange rates or average foreign currency conversion
rates are used. For subsequent years foreign exchange conversion factors were
adjusted to those shown in table 6. The use of these rates in the projected period
is valid provided intervening exchange rate adjustments fully reflect changes in
relative price levels in countries. The model does not project foreign exchange
rates. Exchange rates depend upon many factors not included within the model. It
is assumed that projected changes in ,region -to- region ratios of real prices would be
reflected in changes in exchange rates.
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Table 6-- Currency and exchange rate specifications 1/

Region Currency and exchange rates

Developed countries:
United States
Canada
European Community
Other Western Europe
Japan

Australia/New Zealand
South Africa

Centrally planned countries::
Eastern Europe
Soviet Union
People's Republic of China:

Developing countries:
- Argentina

Others

U.S. dollar
1 Canadian dollar = 1 dollar equivalent
1 unit of account = 1 dollar equivalent
Dollar equivalent
357.600 yen =_1 dollar equivalent

.897 Australian dollar = 1 dollar equivalent
Dollar equiValent

Dollar equivalent
Dollar equivalent
Dollar equivalent

3.75 new peso = 1 dollar equivalent
Dollar equivalent

1/ Exchange rates as of July 1972. Dollar equivalent = 1 U.S. dollar.

Tecunolpay and Inpits

The GOL model treats technology and inputs, and their effect on productivity, as
crucial supply shifters. Technological advances and improvements in both the
quantity and quality of inputs used in the production of food affect not only
immediate crop and livestock yields, but also the agricultural resource !lase. The
continued evolution of technology along the lines of the recent past would be
expected to expand the supply and improve the quality of resources to be'used in
food production. Perhaps the most obvious examples of this secondary effect of
technology and inputs on the size and quality of the agricultural resource base are
to be found in the impact of irrigation, the development and spread of pesticides
and fertilizers, and the use of improved seeds and livestock strains.

The technology and inputs assumed in the GOL model either exist currently or are
in the process of being developed. The availability of improved technology and the
availability of inputs are consequently not assumed to be major impediments to
future increases in food production: Accelerating the transfer of technology to the
developing countries, adapting technology developed in the temperate countries to
the needs of tropical countries, and encouraging adoption of technology and use of
improved inputs by the small developing farmer, however, are likely to be
significant bottlenecks. The GOL model amuses some advances are made in these
areas. Full use of existing technology in the developing countries, however, would
require a significant reorganization of the agriculture of much of the developing
world.

The projections assume that the developed countries, and to a lesser extent th-
developing countries, will continue to take advantage of oncoming technological
innovations and that limitation on the rate of adoption will depend mainly on the
relative cost of inputs.

2 5,2
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Several recent studies on land availability have concluded that at least twice
as much of the world's land is suitable for crop production as is presently used.
Nevertheless, there are serious regional problems resulting from a combination of,
population pressure on land and the difficulties of increasing agricultural
production with prevailing technologies. As with other resources and economic
opportunities, arable or potentially arable land is quite unequally distributed
among the world's developing countries. This affects the options available to
different groups and to different countries. A very large proportion gof the world's
people live in areas where possibilities for expanding the area cultivated are very
limited. Bangladesh and Egypt, for example, must apply even more intensive, land-
conserving methods of production to increase foc output. The same is true, but with
less extreme urgency, for Japan and Europe. Lat..-. America and Africa have both
intensive and extensive possibilities, as do Canada and the United States.

Except for Africa and Latin America, however, increases in land area will
probably make progressively smaller proportionate contributions to future food
supplies. The consensus of recent studies of world food production is that yield-
increasing techniques will be the primary source of future growth in output, even in
the developing countries (fig. 5).

Fertilize is a keyr:factor in yield increases, although it must be combined with
other inputs, such as improved varieties of seeds and improved management practices,
if it is to have its full potential impact on yields. Assumptions regarding
fertilizer use are treated in greater detail in the discussion of alternatives IV
and IV -A.

In'addition to concern about the availability of land and fertilizer aroused by
recent food shortages, some analysts question whether technological-improvements
will permit increases in crop yields in the future at the rates achieved in the
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past. Attention has been focused on an Apparent slowdown in the rate of production
of soma crops in some developed countries, and on the apparent loss of momentum of
the Green Revolution in developing countries. The projections model assumes
continued growth in grain yields in the developed countries but at rates below the
highs of the 1960's. For the developing countries, the model assumes grain growth
rates marginally above those of the 1960's.

Weather Variability and Stock Levels

Stock level assumptions are essentially part of broader production and trade
policy assumptions. They are treated separately here, however, because of their
importance in the current world food situation.

Assumptions about weather variability affect assumptions about stock levels, and
vice versa. Assumptions about both affect the degree of price variability and, in
turn, the projected levels of supply and trade. In general, less price variability
occurs when growth in supply tends to be greater than growth in demand, resulting in
a tendency to accumulate stock levels; the burdensome effect of the tendency to
accumulate stocks, in turn, is mitigated by the frequency of droughts. Separate
runs were pads to study the relationship between short-term production shortfalls,
longei term production levels, and stock levels.

Policy Assumptions
sv*

The production and trade policies of major food exporting and importing
countries can have as much impact on future production and consumption patterns as
can the interactions of economic variables. In the model, assumptions about
,government policies are included either explicitly in the mathematical formulations
or implicitly in the coefficients used in the equations. For example, equations for
the European Community (EC), provide explicitly for import levy variables. The
equations for prbjecting grain area in the major grain exporting countries, on the
other hand, have very responsive price coefficients to implicitly reflect the
capability of government programs to readily adjust area to chagged supply and
demand situations.

Two important considerations of the policies of major grain exporting countries
are basic to the assumptions of this study. The first is price maintenance at
reasonable levels. The second is market share maintenance. It is not always
possible to achieve both of these objectives at the same time. During periods of
heavy world supplies, for example, prices cannot be maintained unless importers as
well as exporters curtail production.

Price stability in periods of short supply can only be achieved if stocks are
available. It is assumed that the major exporters will maintain sufficient stocks
and implement.production policies designed to maintain relative price stability in
the longer run. In the shorter rue, however, stocks would likely be kept below the
levitlo needed to meet a series of successive production shortfalls, imilar to those
of recent years. Implementation of such a policy could also be achieved through
international cooperation. Thus, the meaning of the expression "continuation of
policies" in the major exporting countries, such as the United States, is that they
will follow production policies to keep the world grain supply in relative balance
rather than permit continual appearance of sizable surpluses and deficits.
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U.S. policies are important in establishing world price levels of many
commodities. It is assumed that f.o.b. prices for these commodities in the United
States and the appropriate c.i.f. prices abroad can be used as indicators of world
supply and demand conditions.

An underlying feature of the import and domestic food production policies of

major developed importing countries is that they attempt to at least maintain
current self-sufficiency ratios. Japan would be a major exception, since<her self-
sufficiency ratio seems destined to decline. For all other major developed
importing countries, it is assumed that recent food and fiber policies will be
continued. Some modifications are provided for where it appeared that continuation
of a particular policy would be untenable. Likewise, modifications, as well as the
essentials of assumed food and fiber policies, can be different for the different
alternatives.

The European Community is expected to continue its policy of enlargement. This
means that the ( entries of the EC3--the United Kingdom, Ireland, and Denmark- -will
continue through a transition period to become fully integrated economically with
the EC-6 continental countries--France, Germany, Italy, Belgium, Luxembourg, and the
Netherlands. It was assumed that the EC will continue to use variable levies and
export subsidies to control the flow of imports and exports. High import levies, of
course, limit trade, while low import levies increase trade. Levy and subsidy
levels, however, differ under each alternative in order to be consistent with the
food and fiber policy specified. It is also assumed that price policies of non-EC
countries in Western Europe result in price levels similar to those in the
Community. While Japan does not have specific import levies., its internal price and
marketing structure is such that the effect is the same.

It is assumed that the longrun level of trade with the USSR, China, and Eastern
Europe will be affected more by political factors than economic factors. The import
policies of the centrally planned countries, particularly the USSR, will be
influenced considerably by overall trade relations with the United States, as well
as with other exporters. Actual trade levels will also depend on the extent to
which the United States and other exporters are willing to absorb year-to-year
variability in Soviet grain production.

Foot-and-mouth disease (hereafter called "'aftosa ") will continue to strongly
influence livestock trade patterns. Since livestock in both Europe and South
America already have aftosa, it was assumed that trade in fresh and frozen meat
between these two continents will continue. Livestock in Oceania and the United
States dc not have aftosa, so it was assumed that these regions can export to the
whole world, but will not import fresh or frozen meat from any of the aftosa areas.
It was assumed that distances between Argentina and Europe are not too great to
exclude trade in.fresh beef on refrigerated ships.

Quotas on imports of beef into the United States were assumed to continue. If
the projected imports obtained from the model are less than the quota, they become
the imports.

It is also assumed that dairy product imports will continue to be limited by
quotas in most countries. Butter Imports into the United States are excluded and
some growth in cheese imports is permitted if needed. Because.of the continuation
of health regulations and other policy and natural factors, fresh milk will not be
traded. Primary adjustments in dairy markets between countries will take place in
butter and cheese. It is assumed that prices of butter and cheese can be used as a
barometer to measure degree'of price pressures in the international dairy situation.
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BASIS FOR EQUATIONS IN GOL MODEL

The ".nalytical Framework",section of this report refers to the formal
mathematical model used to project key economic variables in the grain, oilseed, and
livestock sectors of the world's agricultural economy for some future period. The
model's mathematical relationships are specified so as to capture the interplay of
production, consumption, trade, and prices of grains,.oilseeds, and livestock
products. The equations appear in a separate volume reporting on the results of this
research effort. The aconomic relationships underlying these equations are presented
here.

The "Assumptions" section (see pp. 5 of ,the present report) discusses the usual
assumptions concerning external variables, such as income and population, used to
gene-ate the economic variables being projected by a formal mathematical model.
Specifying the formal nature of a mathematical model is very similar to specifying
the income assumptions. For example, using linear relationships--as has been done- -
to represent the interplay of endogenous variables contained in the model does not
give the same results as using nonlinear relationships.

The coefficients in the equations quantify the forces assumed to exist between
the different variables in t grain-oilseed-livestock sector. However, the
theoretical specification for a given variable is obscured by the units of
measurement into which the full model is scaled. Therefore, to aid in interpreting
the significance of the terms contained in the equations,' tables in this section show
the demand and supply elasticities, growth rates, input-output rates, and the
proportionality factors (expressed in rates and percentages independent of the units
of measurement) used in the model.

These tables take the following sequence: (1) Demand elasticities for meat, (2)
demand elasticities for dairy products, (3) supply elasticities for meat, (4) supply
elasticities for dairy products, (5) factors affecting use of grain as livestock
feed, (6) factors affecting use of oilseed meal as livestock feed, (7) demand for
grain in nonfeed lise, and (8) area and yield elasticities for grain and oilseeds.

The model could not be a product of a direct statistical fit because of its size.
The coefficients represented by the elasticities shown in the tables either were
synthesized from statistical analyses or were the judgment of experts. Some of the
more important work leading to gene judgments will be discussed, as will the
rationale for developing coefficients for those areas in which direct analyses were
not available.

Consumption Levels, Income Response, and Economic Development

Substantial differences exist in consumption patterns among nations. During the
1969-71 base period, meat consumption varied from over 100 kilos in the United States
and Australia to less thin 10 kilos in some developing countries. Among the
developed countries, per capita grain use was 825 kilos in the United States. 422
kilos in the EC-6, 408 in Other Western Europe, and 267 in Japan. In the developing
world, per capita usage averaged only 178 kilos.

Knowledge of why these differences exist and future expectations of the
differences are important in feed-livestock projections. This study hypothesizes
that these differences will gradually diminish, with the low per capita use countries
approaching levels of the high per capita use countries, but not necessarily reaching
the same high levels or exhibiting identical consumption patterns.

25th



WORLD GOL MODEL ANALYTICAL REPORT 239

In the present study, the strength of the income response coefficients, while
depending on statistical results where feasible, is conditioned by the stage of

u.economic development of a given country or region and by. the likelihood of change in
food consumption patterns.

Only a few studies have attempted to comprehensively study income response in a
coordinated way. FAO has taken leadership in conducting cross section studies, using
food:sprveys from different parts of the world (607) (610). FAO has used these
results to build a set of estimated income elasticities for most countries of the
world as a basis for its commodity projections work (603) (605). A few other studies
involving mathematical models for trade in agricultural commodities_ also have been
based on synthesized, integrated sets of income elasticities (1000) (101Q) (1011)
(1012) (1015) (1032) (1065) (1068). The income elasticities'in the GOL model are
also a synthesis of available information.

In general, at low levels of income, food consumption is expected to increase
substantially with increases in income; but as income continues to rise the food
consumption response weakens. At high levels of income, the added income expended
for some food groups may taper off and even. become negative. At low levels of
income, diets are generally based on a few staple crops. Added income generally
translates almost directly to consuming more of the Same staples then to diversifying
consumption with other products. But as income continues to rise, the income
elasticity of grain fob food begins to decline as diets become diversified from a
cereals base to a wider grain-carbohydrate base and ultimately to a cereals-
carbohydrate-livestock product base. A shift may also occur within the grains group,
generally in the direction of wheat and rice at the expense of coarse grains. At
appreciably higher levels of income, income elasticities for food grains fall off and
eventually become negative as staples are replaced by a wide range of higher-price
consumer preference products. This shifting pattern of consumption over time can
also be viewed as part of a sequence 'of economic development from a single pastoral
economy to a highly integrated, trade-oriented, commercial agricultural economy. An
ERS study by Regier (158) demonstrated that income-is a good indicator of the overall
pattern of food consumption at different stages of economic development.

With respect to demand for grain for food, each stage of development can be
observed throughout the world. Most or the developing countries--particularly South
Asia, Central Africa, and the poorer parts of East Asia--fall into the category of
relatively high, positive income elasticities. Results of studies on India (418),
Pakistan (401), the Philippines (425), Bangladesh (401), and other countries (131)
(407) (431), while varying somewhat as to statistical bases, indicate that the
developing countries have positive income elasticities of demand ranging from .3 to
.9 for wheat and rice, and from .2 to .5 for less preferred coarse grains. The
income elasticities used in the GOL model for these developing countries fall within
these ranges. Many countries in Latin America'and the Middle East fall into a
second category, characterized by moderately high income elasticities of demand of
around .1 to around .3 for wheat, with coarse grains near the bottom of this range
(402) (406) (410) (411) (413) (420) (426) (429). Many of the lower income developed
Countries and the developing exporting countries fall into a third category,
categorized by very low, positive or possibly negative income elasticities in the
range of +.1 to -.1 (127) (130) (137) (148) (412) (419) (421) (424). On the other
hand, in a few of the developed countries, including the United States and some
countries in Western Europe, the income elasticities for grains for food tend to be
negative (149) (400) (404) (405) (414) (415) (422) (423) (427).

A number of factors, independent of income, can accelerate or decelerate changes
in a country's elasticities. A country's present or traditional position as a
surplus producer exporting grain or as A deficit producer depending on imported
grain is the most obvious of the factors seeding up or slowing down income
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elasticity changes. Income elasticities of demand have moved fw-ther and faster
along the hypothetical function described above in the case of the major exporters,
particularly the United States, Canada, and Argentina, in earlier years and Thailand
in recent years. The introduction of new grains or the introduction of new grain
products can also keep elasticities higher than income levels alone would suggest.
Such has been the case with wheat and wheat products in much of East Asia and to a
lesser extent with coarse grain and coarse grain food products in parts of the
United States and Western Europe.

In the COL model, the income response to demand for grain for feed is considered
differently for countries with filly developed livestock economies than it is for
countries which are beginning to develop a livestock sector. In the former, income
response coefficients appear explicitly in the meat and dairy product demand
functions. Thus, in this case, consumption of feed grains and oilcake is a function
of livestock output and the income effects are imputed through the feed input-
liestock output ratios discussed below.

Two approaches are 'used for countries in which a livestock sector is not
specified. If the livestock sector is not 47;,rtant, only a demand function for
total coarse grains is specified. However. for areas where significant livestock
growth is expected, a separate function for coarse grains used for feed is specified
with higher income .elasticities than those in the grain-for-food equation.

The same studies that provided income elasticities for grains were also useful
for estimating income elasticities for meat and dairy products.- In addition,
econometric studies treating income, price, and other effects jointly were used and
are identified beloW'in relation to price elasticities. Income elasticities used in
this,study vary widely among regions, and within a region they vary among the
different meat and dairy products. }or the United States, there may still be room
for further expansion of meat consumption, but the income effect is expected to
taper off with continued income growth. Meat consumption is also at comparably high
levels in Australia, a major exporter of beef and mutton, even though income levels
are much lower than in the United States. Argentina, a major exporter of beef and
mutton, also has high beef consumption. levels, even though income levels are much
lower than in the United States. For Argentina, the income coefficient is assumed
to be .1. The income elasticities used for the EC-3, the EC-6, and Other Western
,Europe are higher than those used for the United Statesbecause of the lower
consumption and income levels. Because meat consumption in Japan is still quite low
in relation to the income level, the income elasticity exceeds unity. The study
assumes that Japan will eventually attain the consumption levels of the United
States and that national policy may be an important determinant as to their
consumption levels.

Demand-Price Elasticities for Meat

0

The price-demand elasticities used in the GOL model rely heavily on the
econometric studies cited below for the United States, Canada, the United Kingdom,
France, Germany, Australia, and Argentina. The analyses in these studies, in
general, are based on time series (historical) data, though cross section analysis
is used for some countries (notably France, Japan, and the United Kingdom).
Summarie of the elastici' 1 obtained from these studies are summarized in Regier
(157) and M.,1ker(147).

The Brandow study (1015) and a demand study by George and King (1032) present
tables of direct and cross price elasticities for the mid-1950's and the mid-1960's,
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respectively. These interrelated price and income elasticities are subject to
certain imposed consistency conditions of homogeneity and symmetry (see Frisch forthis study). The direct and cross price elasticities shown in table 29 for th-
United States reflect these elasticities.

The demand-price elasticities synthesized for the EC-6 are based heavilPoa
demand analysis instudies for Germany by Langen (1051), Stamer and Wolff re (1066),
and Plate (1059); for France by CREDOC (404) and INSEE (1028); for both these
ceuntrien by Kost (142); and for total meat demand for the EC-6 as a whole by Regier
(155).

For several years, the United Kingdom has conducted annual household food
surveys (1089) and has published demnd elasticity measures as a result of this
work. Time series analysis has his:, been done based on the surveys. Ferris,-
Josling, and others at Michigan State (301) also calculated demand elasticities for
the United Kingdom, with somewhat d!fferent values for roughly the same time
periods. Jones (422) developed a 39x39 matrix of demand elasticities for the United-Kingdom. The elasticities used in the GOL model are closer to those reported in theL.K. study.

For Japan, three studies arc important. Japan's Ministry of Agriculture has
conducted demand analyses based on household budget surveys and has published demand
results from both cross sectional+ and time series analyses (1045). The other two
studies are by Filippello. The 24-st study (1026) is an econometric analysis of the
feed-livestock sector, while th_ .eczrd (127) uses the statistical results of the
first study to determine a consistent matrix of elasticities.

Several country studies, cited elsewhere in this volume, have been useful in
determining the demand elasticities for the other countries that have a modeled
livestock sector. The more detailed work for the countries discussed above helps to
fill the gaps in empirical work, particularly the cross subst4tution effects among
the diff °rent meats. Thus, the analysis of demand elasticities for other Western
Europe has been modeled after those determined for the EC-6. Canada has been
patterned to some extent after the United States.

Australia-New Zealand, Argentina, Brazil, and Mexico-Central Amer. - -re the
other regions in the GOL model coutaining e,' xit livestock sectors. Demand - price
(direct and cross) elasticities tend to be higher in the countries with the most
developed livestock and marketing systems because of the availability of supply and
choices open to the consumer.

Demand-Price Elasticities for Dairy Products

The dairy sector has been modeled only for the United States, Canada tLe EC-3,
the EC-6, Other Western Europe, Japan, and Australia-New Zealand (table 30). Many
of the econometrlc studies cited above also contained price elasticity information
for the dairy sector, as they dealt with the whole livestock sector. The Brandow
(1015) and George and King (1032) studies estimated a demand matrix for a group of
commodities. In addition to the studies cited for Germany, a study by Hesse (1138)
was directly concerned with demand elasticities for milk and milk products.

Measuring consumers' price response to fluid milk and milk products has a very
long history, mostly because the milk industry was one of the first to be regulated.
Recent work by Halberg and Fallert (1034), Prat (1060), Wilson and Thompson (1087),
and Boehm and Bobb (1013) confirms earlier studies ths'.. the demand for Lilk is
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Table 29-- Demand elasticities for meat

Elasticity with respect to price of

Item BePf

Pork : Poultry : Mutton

Income
: elasticity

Finished Other

United States:

Beef, finished : -.7 .2 .1 .4

.Beef, other .4 -.8 .1 .1 .3

.Pork .4 -.8 .1 .1

Poultr:, .3 .2 -1.0 .8

Mutton

Canada:
Beef -.6 .3 .15 .7

Pork .4 -.7 .15 .15

Poultry .3 .2 -.8 .9

Mutton

EC-6:

.Beef -.7 .3 .1 .6

.Pork .5 -.8 .12 .5

Poultry .38 .5 -1.07 1.0
Mutton .15 .15 -.25 0

EC-3:

Beef -.6 .._ .08 -.2 .7

Pork : .18 -.8 .2 .17 .45

Poultry : .3 .3 -.6 1.0
Mutton .1 .1 .1 -.1 0

Other Western Europe: :

Beef -.6 .2 .1 .7

Pork .2 -.7 .2 .6

Poultry .1 .2 -.8 .9

Mutton .15 .15 -.25 0

Japan:

Beef -1.2 .26 .35 1.2

Pork .20 -.90 .11 .9

Poultry .50 .17 -1.10 .6

Mutton -.4 .2 .3 -.4 .5

Oceania:
.Beef -.5 ? 0

.Pork .2 -.4 .1

Poultry
.Mutton .4 -.8 0

Mexico 6 Central America:

Beef -.4 . .1 .7

Pork .1 -.3 .6

Poultry - :

Mutton

Argentina:
Beef .3

Pork .2 -.4 0

Poultry

Mutton .2 -.4 0

Brazil:
Beef -.6 .3 .4

Pock .2 -.6 .4

Poultry

Mutton
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Table 30-- Demand elasticities for dairy products

Item
Elasticity with respect to price of

Income

Milk Butter Cheese
: elasticity

United States:
Milk, fluid -.2 -.1
Butter -.7
Cheese -.5 .5

Canada:
Milk, fluid -.2 -.1
Butter -.7 -.3
Cheese -.5 .6

EC-6:

Milk, fluid -.25 .2
Butter -.7 .2
Cheese -.6 .5

EC-3:

Milk, fluid -.15 .2
Butter -.5 .2
Cheese 6 .3

Other Western Europe: :

Milk, fluid -.2 .3
Butter -.5 .3
Cheese -.6 .6.

Japan:
Milk, fluid -.7 .95
Butter -.7 1.0
Cheese -1.69 1.25

Oceania:
Milk, fluid -.2 .1

Butter -.4 -.1
Cheese -.3 .5

inelastic. There appears to be a general agreement that the demand-price
elasticity is in the neighborhood of -.2 fill fluid milk. The values used in the GOL
model for all areas except Japan approximate the historical value- (table 30). A
considerably higher elasticity is used for Japan because of the still low per capita
consumption. The demand-pri,..e elasticity for cheese ranges between -.5 and -.6 and
much higher in Japan for the same reasons cited above. The price elasticity for
butter varies from -.4 to -.7. Higher elastici%ea for better were used for regions
where margarine is substitutable because of availability, as in the United States.

261



THE FOOD SECTOR

Supply-Price Elasticities for Livestock, Meat, and Dairy Products

A complete study of the supply side of the livestock sector would include the
study of factors affecting livestock numbers, slaughter numbers, slaughter weight or
yield, and production. It would include a study of cycles, mostly for beef cattle
and to a lesser extent for hogs. However, the present study projects only
equilibrium values at some future time period and abstracts from cycles and explicit
projections of the herd. As presently modeled, supply relations in the GOL
livestock sector are based on direct and cross price elasticities for livestock
commodities or products, and on a set of supply shift variables which reflect long-
term growth factors.

Considerable work on supply response has been done on products competing for
some fixed bundle of resources. Most of these studies have been confined to
activity analysis. Supply response coefficients derived from such programming .

models, while very informative, seldom can be used directly in a projections model
such as GOL, which essentially is a behavioral model. Results from regression type
analyses are more compatible for developing direct and cross supply response
coefficients.

While many regression studies appear to report statistically significant results
for direct supply-price elasticities, most stildies have difficulty in determining
the cross price effe_ts. For this reason, the sets of direct and cross supply-price
elasticities ubcd for Pinny of the model's regions are based on judgment. Some of
these coefficients are tentative and will be improved over time.

Results obtained-from regression analyses by Johnson (139) and Regier (155) for
the meat sector, and by Halberg and Fallert (1034) for the dairy sector were helpful
for assessing the supply response for the United States and the European Community.
ERS also conducted feed-livestock studies for Canada (148), Argentina (1037),
Australia (130), and New Zealand (105) in the early 1970's that concentrated on the
supply side (tables 31-32).

Recent results indicate that the supply response of wilk production to milk
price still remains relatively low--the supply-price elasticity is in the
n ighborhood of .2 (see Halberg and Falbert (1034). The GOL model used an
elasticity of .15. As expected, the studies of the meat sector also showed that the
price-supply response for beef was the lowest, for pork more responsive, and for
poultry the most responsive. Major adjustments in beef cattle operations take
aeve_al years from the time of initial decision compared with major adjustments that
can take place within a single year for a poultry operation. The price-supply
response appears to be between .3 and .4 for beef, around .6 to .7 for pork, and
somewhat higher for poultry.

Feed Demand Equations

The crop and livestock sectors of the GOL model are linked via two sets of feed
demand equations--one for grain and one for oilseed meal. Each equation has three
components: (1) input-output coefficients defined in physics, terms which relate
quantities of grain or meal used as feed to quantities of livestock products
produced, (2) direct and cross price elasticities which affect feeding rates with
changing prices, and (3) long-term growth factors reflecting changes in basic
feeding patterns.
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Table 31-- Supply elasticities for meat

Item
Elasticity with respect to price of

Beef ! Pork Poultry ! Mutton : Milk Corn 011cake

United States:
Beef .3

-.2 -.05Pork .5
-.4 -.1

Poultry .9 -.6 -.2
Mutton

Canada!
Beef : .4 -.1

-.2 -.05Pork : -.2 .6 -.2 -.4 -.1
Poultry : -.1 -.2 .7 -.4 -.2
Mutton

EC-6:

Beef .4 -.15
.15 -.2 -.1Pork : -.3 .7 -.3 -.4 -.2

Poultry : -.2 -.2 .7 -.4 -.3
Mutton : -.15 .3 .15 -.15

EC-3: .

Beef .4 -.15 .15 -.2 -.1
Pork :

-.15 .7 -.15 -.4 -.2
Poultry :

-.2 -.2 .7 -.3
Mutton : -.15 .3 .15 -.15

Other Western Europe: :

Beef .4 -.15 .15 -.2 -.1
Pork -.2 .5 -.2 -.3 -.15
Poultry :

-.2 -.2 .6 -.3 -.25
Mutton :

-.15 .3 .15 -.15

Japan:
Beef .5 -.1 -.1 .2 -.3
Pork .7 -.15 -.4 -.2
Poultry -.2 .7 -.4 -.3
Mutton

Oceania:
Beef .4 -.1
Pork -.1 .3 -.2
Poultry
Mutton .2

Mexico 6 Central America
Beef .4 -.1

Pork -.1 .3 -.4
Poultry
Mutton

Argentina:
Beef .5

Pork -.1 .3 -.2
Poultry
Mutton .2

Brazil:

Beef .5

Pork -.1 .4 -.3 -.15
Poultry
Mutton
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Table 32--Supply elasticities for dairy products

Item
Elasticity with respect to price : Elasticity of

joint output
Milk : Butter Cheese Corn 'Oilcake with.beef

United States:
Milk, total .4 -.3 -.2

Cheese -.6 .6

Canada:
Milk, total .30 -.40 -.20

Cheese -.6 .6

EC-6:

Milk, total .35 -.5 .5

Cheese .4

EC-3:

Milk, total .35 -.2

Cheese .4

Other Western Europe: :

Milk, total .3 -.35 -.1

Cheese .5

Japan:
Milk, total .8 -.25 -.3

Cheese

Oceania: :

Milk, total : .4 -.2

Cheese :
-1.0 . 1.,0

The input-output coefficients computed for the 1969-71 bass period reflect full
utilization and distribution of grains and oilseed meals among livestock products.
Studies by Allen (200), the National Academy of Sciences (500-504), OECD (803-804),
and 'heights= (505-509) on feed use provided bases for the budgeting process. The
input-output coefficients are shown in table 33 for grain and in table 34 for
oilseed meal.

Results from regression analyses for the United States by Ahalt and Egbert
(103), and Womack (1088) and for the EC-6 by Regier (157) form the basis for
estimating price coefficients used in the GOL model. Results of the U.S. and E7.-6
studies are similar. For example, in both cases, the demand elasticity for teed
grain with respect to grain prices is around -0.4 to -0.5 and about 0.1 with respect
to meal prices. Because oilcake forms a much smaller proportion of total feed than
grains, the price elasticities for meal with respect to prices of grain and oilcake
are much higher.

Expected growth in input-output rates not explicitly accounted for by the first
two components discussed above are introduced as an explicit growth factor. For
those regions in which feed demand equations are not directly related to livestock
production, an income variable is used to reflect growth in demand for livestock
products. The income elasticities resemble those associated with direct demand for
seat.

2 6 4
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Table 33--Factors affecting use of grain _as livestock feed

Explanatory factors
: United :

: States :

Other
Canada : EC-6 EC-3 : Western : Japan

Europe

Input-output rates:

Beef, finished 5.74

Kg. grain use per k&. product

Beef, other 2.02 4.60 1.30 2.27 2.46 2.33Pork 5.43 6.50 3.60 4.22 4.60 5.09Poultry 2.76 2.90 2.70 2.70 2.80 2.40
Lamb and mutton

.

(1.86) .25 .25
Milk .33 .33 .125 .21 .28 .20
Eggs 2.91 3.10 3.10 3.10 2.40

Percentase change in grain use per unit percent pr -_e change

Price elasticities:
Beef, finished : .22
Beef, other : .03 .25
Pork : .25 .25 .50 .50 .40 .50
Corn . -.40 -.40 -.50 -.50 -.50 -;60
'Jilseed cake .10 .10 .10 .10 .10 .10

Income elasticity:
Income per capita

Input-output rates:
Beef, finished
Beef, other
Pork
Poultry
Lamb and mutton
Milk

Eggs

Price elasticities:
Beef, finished
Beef, other
Pork
Corn
Oilseed cake

Income elasticity:
Income per capita

Percentage change in grain use per unit percent income change

Australia,
: South : stern Soviet :

Mexico
:Nev China Central

: Africa : Europe : Union :
Zealand America

.30

3.40
3.00

Kg. grain use per kg. product

2.80 3.00
4.6u 5.00
3.00 3.50

.12 .30 .30
3.00 (3.10) 3.50

.30
2.0 3.00
1.0

Percentage change ingrain use per unit percent price change

.20
.30 .25 -.20

-.30 -.30 -.25

Percentage change in grain use_per unit percent income change

.25 .10

2 6

Continued-- .
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Table 33--Factors affecting use of grain as livestock feed--Continued

Explanatory factors
Other : N. Africa-,N. Africa-

: Argentina . Brazil Venezuela South .Middle East:Middle East
America high low

Iut-ourput rates:

: .50

Kg. grain use per kg. product

1.50
Beef, finished
Beef, other

Pork : 3.60 3.60

Poultry
Lamb and mutton
Milk
Eggs

Percentage change fn grain use per unit percent price change
Price elasticities: :

Beef, finished .

Beef, other :

Pork .30 .30
Corn : -.30 -.40 -.30 -.40 -.30 -.15
Oilseed cake .10

Percentage change in grain use per unit percent income change
Income elaiticity:
Income per capita .20 .20 .20 .20 .30 .10

..,

: East : Central :
Other Other

: Africa : Africa :
India

: South , Thailand : Southeast
Asia Asia

Input-output rates:
Beef, finished
Beef, other
Pork
Poultry
Lamb and mutton
24"k
Eggs

Price elasticities:
Beef, finished
Beef, other
Pork
Co.A
Oilseed cake

Percentage

Kg. grain use per kg. product

change

(.05)

change in grain use per unit percent price

-.30 -.40 -.20 -.1 -.3

Income elasticity:
Income per capita

Percentage change in grain use per unit percent income change

.20 .15 .40 .20 .1 .2

Grain use as a_proportion of commodity_supply

Market shares:
Commodity supply feed grain : .15

Continued--
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Table 33Factors affecting use of grain as livestock feed --Continued

Explanatory factors Indonesia
East East Rest

: Asia Asia of

: hiiil low world

Input-output rates:
Beef, finished
Beef, other
Pork
Poultry
Lamb and mutton
Milk
Eggs

Price elasticities:
Beef, finished
Beef, other
Pork
Corn
Oilseed cake

Income elasticity:
Income per ca,ita

larket shares:
Commodity supply feed grain

Kg. grain use per kg. product

Percentage change in grain use per unit percent price change

-.30 -.50 -.30

Percentage change ingrain use per unit percent income change

.30 .40 .20
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Table 34-Facto:a affecting use of oilseed meal as livestock feed

Explanatory factors United :

Canada
: States :

EC-6 EC-3
Other

JapanWestern :

Europe

Input-output rates: :

Kg. oilmeal use per kg. product

Beef, finished : 25

Beef, other .44 .10 .16 .12 .15 .50
Pork .45 .35 .67 .55 .65 1.40
Poultry
Lamb and mutton :

.87

1.72

.60 1.18 1.05 1.16 1.20

Milk .033 .03 .033 .025 .028 .08
Eggs .47 .35 .71 .60 .70

Price elasticitie2:

Percentage change in oilmeal use ger unit percent price change

fre-"
Beef, finished : -.10

, Beef, other .23
Pork .27 .90 1.20 1.80 1.00 1.20
Corn : 1.00 2.50 .90 1.00 1.20 1.50
Oilseed cake : -.53 -.98 -.25 -.37 -.20 -.30

Income elasticity:
Income per capita

Input-output rates:
Beef, finished
Beef, other
Pork
Poultry
Lamb and mutton
Milk
Eggs

Price elasticities:
Beef, finished
Beef, other
Pork
Corn
Oilseed cake

Income elasticity:
Income per capita.

Market shares:
Commodity demand feed grain

Percentage change in oilmeal use per unit percent income change

:Australia: South
New : Africa

Zealand

Eastern Soviet
Europe : Union China

Mexico

Central
America

Kg. oilmeal use per kg. product

.40 .40 .40

.50 .50 .50

.01 .01

.13 .40

taS&II.ULFChing2 in oilmeal use per unit percent_price change

-.30

=20

-.20

oorcentase_change in name 1 .er unit ercent i co chan e

Oilmeal use as a pruportion of commodity demand

.19 .32

Continued--
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Table 34--Factors affecting use of oilseed seal as livestock feed--Continued

Explanatory factors Other .N. Africa- : N. Africa-
: Argentina: Brazil : Venezuela South :Middle East: Middle East

America : High : Low

Input-output rates:
Beef, finished
Beef, other
Pork
Poultry
Lamb and mutton

Milk
Eggs

Kg. oilmeal use per kg. product

Percentage clear in oilmeal use per unit percent price change

Price elasticites:
.

Beef, finished
.

Beef, other .

Pork.
.

Corn
.

Oilseed cake -.50 -.40 -.30

Income elasticity:
Income per capita

Market shares:

Comeodity demand feed grain

Input-output rates:
Beef, finished
Beef, other
Pork
Poultry
Lamb and mutton
Milk
Eggs

Price elasticities:
Beef, finished
Zsef, other
Pork.

Corn
Oilseed cake

Income elasticity:

Income per capita

Percentage changt in oilmealuse per unit percent income change

oilmeal use as a proportion of commodity supply

.047 .064 .21 .30

East : Central : : Other : : Other
Africa : Africa :

India
: SoutheastSou ThailandThailand

: Asia

Kg. oilneai use per kg. product

(.10)

Percentage change in oilmeal use per unit percent price change

-.20
Percentage change in oilmeal use per unit percent income change

.10

Continued--
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Table 34--Factors affecting uge of oilseed meal as livei.ock feed--Continued

Explanatory factors Indonesia
East East Rest

Asia Asia of

High Low World

Input-output rates:
lee, finished
lee, other
Pork
Poultry
Lamb and mutton
Milk

Eggs

Kg. oilmeal use per kg. product

: Percentage change in o/lmealuse per unit percent price change

Price elasticities:
Beef, finished
Beef, other
Pork
Corn
Oilseed cake -.20 -.30

Percentage change in oilmeal use per unit percent income change

Income elasticity:
Income per capita .30 .30

2i')
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Demand-Price Elasticities for Grain for Food

Two general tendencies can b- identified concerning the demand-price
elasticities for grain consumed directly for food. The first is that demand price
elasticities tend to be higher in low income countries having primarily cereal diets
than in high income countries with more diversified diets. The second tendency is
that the demand price elasticity for grain consumed as food is lower than the demand
elasticity for grain as feed, both within single countries and across country
groupings. These inferences can be drawn from summaries of demand elasticities
presented in Rojko, Urban, and Naive (167), Hutchinson (136), Keefer (140), and in a
cross section world study by Regier (154) (table 35).

The demand response to price changes in the developing countries is appreciably
stronger than in the developed countries. This results at least in part because the
budget effect of comparable price changes is greater when incomes are low and a
large proportion of the budget is spent on food. Furthermore, in some developing
countries, grain accounts for as much as 60-70 percent of total food expenditures.
Consequently, the highest price elasticities, or the strongest responses to price
changes, would be found in the lower income, less developed, importing countries
consuming the bulk of their grain directly as food rather than indirectly as
livestock products. South Asia and parts of East Asia fall into this category. In
contrast, the more food demand-price inelastic regions--that is, the least food
demand-price responsive of the regions treated in the GOL model--include the highest
income, grain-feeding, developed exporting countries such as the United States,
Canada, and Oceania.

Supply Elasticities for Grains and Oilseeds

The GOL model's grain production functions are basically generated through three
sets of equations. The first set is an equation for each region that generates the
total area used in grains and oilseeds. The second set of equations generates area
used specifically in the production of wheat, coarse grains, rice, and oilseeds.
The third set of equations introduces a yield variable to generate production for
wheat, coarse grains, rice, and oilseeds. The area equations for the individual
crops are constrained by the total area projected from the first set of equations.
Area assigned to the individual crops depends on relative prices of these crops and
basic long-term shifts that are projected to occur among the crops. The production
equation basically reflects both area and yield effects in the projection period. 5/
This is accomplished by incorporating the projected area as a variable in the
production equation for combination with yield variables. The production equations
also contain variables to reflect changes in production due to yield. These yield
factors include relative prick some trend values reflecting yield growth changes
due to changes in technology, and a shift variable to reflect different levels of
input activity. For the developed world, input activity is represented by a cost
index variable. For the developing world, a physical input use bundle is used as a
variable to indicate input intensity. Specifically, different levels of production
may be generated by varying this input bundle of resources (table 36).

ST Ideally, area and yield equations should be generated separately and the
estimates from them multiplied to obtain total production. Because our model does
not allow for nonlinear relationships, it was essential to achieve equivalent
results through use of additive functions.
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Table 35-- Factors affecting nenfead us* of grains and oilseeds 1/

Elasticity with respect to price of:

Income
Coarse : elasticity:

Wheat Rice grains

Annual demand trend 2/

Percent of
Quantity 1969-71 base

1,000

metric tons Percent

United States: .

Wheat -.2
Rice -.2 .2

Coarse grains .
-.2

Oilseeds
.

Canada:
Wheat -.05 .03 -.25

Ric* -.3 .15

Coarse grains .05 -.10 -.3

Oilseeds

EC-6:
-.2Wheat -.1

Rico,

coarse grains

-.3
-.2

.2

.1

oilseeds

EC-3:

Wheat -.1 -.03

Rice -.3 .2

Coarse grains -.15 .05

()llamado

Other Western rumps:
Wheat -.25 .1 -.ns

Rice .2 -.3 .2

Coarse grains .15 -.35 .10

Oilseeds

Japan:

Wheat -.45 .2 .2 50 .99

anRice -.15 -.20

Coarse grains -.25 .2

Oilseeds 3/o-
-.1 .8

Australia & New 7ealand::
Wheat -.15 -.25

Rice -.1 .1

Coarse grains -.15 -.2

Oilseeds

South Africa:
Wheat -.15 .1C .1

Rice .15

Coarse grains .03
( -.3 )

-.n8
.1

-.ns

Oilseeds

Mexico & Central America:
Wheat -.35 .10 .15 .35

Rice .2 -.4 .n5 .35

Coarse grains .ns -.7 .1

Oilseeds

Argentina:

!.heat -.1 .05 -.1
Rice .05 -.2 .15

Coarse grains .05 -.1 -.25
Oilseeds.

See footnotes at and of table. Continued--
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Table 35 - -Factors affecting nonfood use of groins and oilseeds 1/ --Continued

255

Item
Clasticity with respect to price of :

Income :

Annual demand trend 2/

. Wheat Rice
Coarse :elasticity : Percent of

: Agrains Haan _ty : 1969-71 base

1,000
metric tons Percent

Brazil:
-.25 JO .10 .25

Wheat

Rice
Coarse grains

.2

.ns .05

.02

-.15
.15

.1

Oilseeds

Venezuela:
Whest -.3 .1 .1 .35

Rice .2 -.1 .1Y

Coarse grains .15 -.25 .15

Oilseeds

Other South America:
Wheat -.25 .1 .15 .3

Rice .2 -.2 .35

Coarse grains .2 -.35 .15

Oilseeds

North Africa/Middle
East--High:
Wheat -.75 .03 .02 .2'
Rice .18 -.3 .04 .3
Coarse grains .2 .1 -.2 .15
Oilseeds

North Africa/Middle
East-Low:
Wheat -.35 .0 .10 .05

Rice .15 -.25 .10 .2

Coarse grains .15 .1 -.25 .1
Oilseeds

East Africa:
Wheat -.3 .05 .15 .35 20 3.54

Rice .i -.25 .15 3

Coarse grains .n2 .01 .os .1

Oilseeds

Central Africa
Wheat
Rice -.2 .1

Coarse grains
Oilseeds

India:

Wheat 4 15 .1 .7

Rice! -.4 .01 .7

Coarse ?rains .10 -.35 .2 -210 -.86
Oilseeds

f.

Other South Asia:
Wheat -.4 .25 .01 .4
Rice .2 03 .4
Coarse grains .13 -.2n .2
Oilseeds

Thailand:
Wheat

Rice
.ri .2

-.05 .01

.2

.1

Coarse grains .2 -.1 2

Oilseede

\See footnotes at end of table.

2 73

Continued--



THE FOOD SECTOR

Table 35--Factors affecting nonfeed use of grains and oilseeds 1 /--Continued

rlasticitv wit,' reenact to price of : Annual demand trend 2/
Item

Other Southeast

-

Asia:

(Meat

- -
-

: Rice

Income
elasticity:

. Coarse

. grains
nnantitv

Percent of
1969-71 hese

- - -

1.nnn

metric tons Percent

Wheat -.1 .15 .2
Rice .n1 -,n5 .1
Coarse grains

.15
Oilseeds

Indonesia:
Wheat -.6 1.n .4 .55 5 .94Rice .04 -.25 .03 .45
Coarse grains .n1 .3 -.3 .3 5n 2.09Oilseeds

East Asia- -High:

Wheat -.3 .2 .04 .in
Rice .15 -.1 .05 .05
Coarse grains .1 .2 -.3 .n5
Oilseeds

?Aft Asia--Low:
Wheat ( -.15) (.15) 2 .35
Rice (,os) (-.27) .os .2
Coarse grains (nc) (.15) -.25 .2
Oilseeds

food use of soybeans in the case of Japan. The use of parentheses in the table indicatestrade prices; the P ence of pat ntheses indicates demand prices.
2/ Trend in demanL Independent of any price effect.
3/ The coefficient shown in the coarse grain column is an elasticity with respect to the price ofsoybeans.

A?
1
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Table 36--Factors affecting the supply of grains and oilseeds 1/

Item

Area Yield
: elasticity rith resnect to price of : el..:*Icity with resnect to nrice of

Wheat : Rice : Coarse :oilseeds : Wheat 1 Rice : Coarse :

: grains
Oilseeds

grains : .

United States:
Wheat (2.5) (-1.84) (-.69)

(.05)

Rice (.8) (.10 )
Coarse grains (-.83)

(2.3) (-1.00) (.10 )
Oilseeds (-.78) (-3.60) (3.25) (.02)

Canada:
Wheat .5 -.40 .15

RiLz
Coarse grains -.55 .55 -.15 .15

Oilseeds -.16 -.24 1.0 .20

EC-6:
Wheat .7 -.70 .25

Rice .20 .20

Coarse grains -.61 .61 .3n

Oilseeds

EC-3:
Wheat .65 -.55 .2

Rice
Coarse grains -.161 .147 .2

Oilseeds .02

Other Western Europe:
.Wheat .25 -.25 .25

Rice .15 .15

Coarse grains -.185 .185 .10 .30

Oilseeds .10 .10

Japan:

Wheat .30

Rice .012 -.02 .15

Coarse grains .25

Oilseeds -.2 .28 .15

Australis & New Zealan4: :

Wheat .4 -.35 .15

.Rice ' 10 .1

Coarse grains -.75 .66 .15

Oilseeds .30 .15

South Africa:
Wheat .3'

Rice
Coarse grain. (.30) (-.3) (.30)

Oilseeds (.10)

Mexico 6 Central America :
Wheat .45 -.25 -.07 .20

Rice .15 .10

Coarse grains -.02 .04 -.02 .07

Oilseeds -.21 -.46 .50 .05

Argentina:
Wheat .4 -.31 .10

Rice .25 .30

Coarse rains -.21 .3 -.15 .15

Oils -.15 -.30 .45 .10

S foo ate at end of 'able. Continued --
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Table 36-- Factors affecting the supply of grains and oilseeds 1/ --Continued

Item

Area Yield
. elasticity with respect to price of : elasticity with respect to price of

: grains 1
:

`parse
:

: Rice : Coarse
:Oilseeds

Wheat :Oilseeds : Wheat
.

Rice

Brazil:
Wheat . .7 -.70 .05Rice

.2 -.10 .10Coarse grains -.12 .3 -.20 .08Oilseeds
-1.10 1.6 .05

Venezuela:
Wheat
Rice .50 -.756 .15Coarse grains -.10 .15 .15Oilseeds

Other South America:
Wheat .2 -.05 .10Rice .15 .07 .15Coarse grains -.10 .05 -.03 .05Oilseeds

-.08 .20 .10

North Africa/Middle
East--digh:
Wheat .1 -.03 -.03 .05Rice -.20 .50

.15Coarse grains -.25 .09 .05Oilseeds

North Africa/Middle :

East--Low:
Wheat .15 -.06 .10Rice .

. -.02 (.30) (.20)Coarse grains : -.20 .07 .05Oilseeds .

East Africa:
Wheat .10

.05Rice .20
.15Coarse grains

.15 .10Oilseeds

Central AfricaWheat
RiCA

.20Coats. grains
lilseeds

India:
Wheat .30 -.20 -.12 .08Rice -.05 .25 -.10 .07Coarse grains -.10 .17 -.062

.04Oilseeds -,n55 -.09 -.12 .2n .15

Other South Asia:
Wheat .1 ....05 -.02 .05
Rice -.015 .025 .03
Coarse grains -.25 .07

.02Oilseeds

Thailand:
Wheat

Rice .05 .10
Coarse grains .1 .10
Oilseeds

See footnote at end of table.
Continued--
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Table 316--Fictors affecting the sunply of prains and oilseeds 1/ --Continued

Iten

Area
: elasticity with resnect to...price of

Yiel 1

elasticity pith resnect to Tripe of

Wheat : Rice : Coarse :Oilseeds
:

Vheat Rice : Coarse : Oilseeds
: grains :

Other Southeast Asia:
Wheat
Rice .10 .in

Coarse gains (.20)

Oilseeds

Indonesia:

Wheat
Rice .2 -.n3 .10

Coarse grains .14 -.10 .05

Oilseeds -.15 .30 .02

Fast Asia - -high

Wheat : .25 -._ III .20

Rice : -.62 .19 -.10 -.01 .15

Coarse grains -.25 .3 -AO .20

oilseeds -.26 -.19 .25 .02

Fast Asia--Low .

Uheatf

Rice . .06 -.06 .08

Coarse trains : -.10 .1 .05

Oilseeds . (.011)

1/ The us
supply prices.

parenthesis la thepihle indicates evade priLea; the absence of parentheses indicates

27!
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The elasticities used in the equations are shown in table 36 and were derived
from published and unpublished USDA studies or from studies outside the USDA. Only
three studies are cited here because each contains summaries of supply response
studies. These studies are by Rojko, Urban, and Naive (167), FAO (607), and Behrman
(1008).

While the assumption that production in the developed countries is price
responsive is generally unchallenged, some question might be raised as to the
applicability of price analysis in the study of developing countries. The GOL model
assumes that farmers in the developing countries respond mueh the same as do farmers
in the developed countries--positively to price increases and negatively to price
decreases. However, studies indicate a weaker response in the developing countries
when the total agricultural sector is analysed rather than the smaller,
commercialized market subsector. This dampened responsiveness is largely due to
physical and institutional constraints on production as well as to constraints on
the distribution of surplus production in isolated, near-subsistence regions.

The supply elasticities used in the GOL model for both the developed and
developing countries reflect the full effect of a price change c production
adjustment over a number of successive years. In short they might be considered
long-term elasticities.

Area Elasticities

Land use patterns are affected by changes in multiple-cropp.i4 cultivation or
previously uncultivated area, or through displacement of other crops. A number of
other physical factors affect a region's area-price responsiveness. Climate and
soil constraints as well au limited supplies of arable land or multiple-cropping
potential tend to dampen area responsiveness. Nonphysical factors such as rural
institutions, agricultural infrastructure, and the degree to which an agricultural
sector has been commercialized also affect a producer's responsiveness. While O..
above factors probably apply more to the developing .ountries, the overriding factor
in the developed countries may be agricultural programs, particularly in peri.s.is of
heavy supply.

Extreme caution should be used in irterpreting area elasticities presented in
table 36. These elasticities represent both the usual or traditional individual
producer response to economic stimuli and the aggregate response to government
programs. In addition, the area elasticities shown include the cumulative effects
of both the total area and individual crop equations.

Under alternative I, very high area-price elasticities are used for the major
grain exporters to reflect government programs that result in lower acreages whsn
supply appears to be growing faster than demand. On the other hand, utder
alternative II, the area-price elasticities for these exporters are considerably
reduced as pressure is applied against the base of readily available land and
expansion of area requires considerably higher costs. These area coefficients
reflect government programs when land is not fully utilized but approach traditional
producer's price response as prices go above support levels.

The somewhat higher than expected area elasticities for the EC-5 and EC-3 of .6
to .7 reflect the ease of substitution of one grain crop for another as relative
prices change. However, the total area response of .1 is quite low, 2ndicating that
there is little room for expansion of total area in the EC-6 or EC-3.

Lower elasticities were user', for the other reswirce-tight d(eveloped importing
countries (for instance, Japan) and for the developing Lountries with large

r.
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subsistence sectors or large reserves of arable land but fixed, traditional land
upage'patterns (such as Central and East Africa).

the lowest direct area elasticities+.05 to +.10were used for land-short,
largely subsistence farming regions, such as India and Other South Asia. Indirect
or cross elasticities were found to be more closely related to the degree of
commercialization and the number of competing crops. 111 more subsistence-oriented
farmers were found to be less able or willing to move out of a particular staple
grain crop, to break with traditional patterns of cultivation, or to change crop
rotation.

Yield-Price Elasticities

Expanding production in the decades ahead is likely to depend on growth in
yields rather than growth in area. Yield responses to price changes within a single
decade are likely to be largely related to increased use of fertilizer. Increases
in yield within a single decade from increases in other yield-augmenting inputs such
as an increase in irrigation facilities will be limited. Changes in yield in
response to price changes over the longer term of several decades depends on the
degree that yield-augmenting inputs can be changed. Costly, long-term investments
in agricultural infrastructure n-cessary if high productivity inputs are to be used
effectively are rot easily speeded up or Owed down in response to price changes.
Also, improvements in technology--perhaps the single most important source of growth
in yields--often take place irrespective of price changes: the effecr'of these
technological improvements on reducing costs may actually raise net farm returns
even as pro(' et prices are falling.

The yield-price elasticities used in the GOL model reflect increased use of
fertilizer, with limited changes in the total buadle of other inputs. Thus, yield
elasticities appear to be positively correlated with existing levels of yields and
past yield growth rates. The highest elasticities were found in those regions with
grain yields in excess of 2.5 tons per hectare and with trend srowth in yield in
excess of 2.0 percent per year. Elasticities appear to b. directif related to a
region's agricul,ural infrastructure and its level of agricultural technology as
reflected it machinery use (e.g., mechanized ploving, planting, harvesting, and
processing), use of chemic91 inputs (e.g., chemical fertilization and application of
pesticides;, and use of improved seeds (e.g., hybrid, high - yielding, dwarf, or short
stocL rariecies). Also crucial in regions with higher elasticities were improved
ma,-u gerial practices and availability of inputs. Few if any of the more price
responsive regions had sizable subsistence sectors.

Consequently, the highest elasticities+.1 to +.25 --were used in the
technologically advanced, heavily commercialized regions using large amounts of high
productivit inputs and making heavy capital investments in agricultural
infrastructure. Among these regions were most of the developed countries, including
both the exporters and the importers. The developed importers (i.e., the EC-9,
Other Western burope, Japan) were found to have higher yield elasticities than the
exporters (e.g., the United States, Canada, Oceania) because of tighter constraints
on the importers supply of arable or potentially arable land.

The lowest elasticities+.01 to 4.10were found in the largely subsistence,
low technology regions of the developing countries. Elasticities were low in the
developing countries well endowed with Arable land; elasticities were also low,
however, 4: the subsistence, low technology areas of South Asia faced with severe
arable are constraints. In a limited number of land- short, partially developed
countries, includin3 the high income East Asian countries, elasticities were found
to be apprerfably higher than in the rest of the developing countries and, in a few
cases, rtnparable to levels reported in land-extensive developed exporting

cour:_r
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COITTRIBUTIONS TO ANALYSIS OF WORLD FOOD PROBLEMS

This chapter summarizes the principal sources both published and unpublished--
that went into development of the OOL model and its use for delineating world food
and agriculture in 1985. Background is also presented for the reader intdrested in
technical development of the model. Researchers interested in aspects of the world
food economy will also find this a guide to some basic sources.

Organizations

A number of organizations-- public and private, domestic and foreign, national
and international --are interested in world food problems and agricultural commodity
projections. Two with ongoing research and analysis of long-term aspects of food
and agriculture are the Economics, Statistics and Cooperatives Service (ESCS) of the
U.S. Department of Agriculture (USDA), and the Food and Agriculture Organization of
the United Nations (FAO). These two institutions have also been the primary
publishers of formal projections studies; these published studies are discussed in
the next section.

Over the years, ERS 6/ has conducted agricultural commodity analysis and
projections, on both a U.S. and international basis, and has contributed to an
expanding literature on aspects of the world food problem.

The Foreign Agricultural Service (PAS) and the Science and Education Administration
(SEA), two other USDA agencieo, share with ESCS a responsibility for analysis of the
world food problem. FAS implements U.S. agricultural policy abroad and collects
agricultural data from foreign countries. SEA is concerned with technological
aspects of U.S. and world food production. Inevitably, these agencies become
involved with the social and economic implications of their work.

FAO is concerned with comprehensive data development, analysis, and policy
formulation for world agriculture, and with ongoing appraisal of the world food
problem. Much of the best analytical work of FAO, useful to development of the GOL
model, is that of the Committee on Commodity Problems, an advisory body composed of
national member governments charged with rk laming FAO's commodity analysis.

In addition to the USDA and FAO, numerous organizations share serious concern
for world food and agriculture. Other U.S. cabinet departments are heavily involve.,
in aspects of world food and agricultural conditions. Monetary and financial
considetttions involve the U.S. Department of the Treasury. Trade and commerce
involveWEhe U.S. Department of Commerce and the International Trade Commission.
Negotiation with foreign governments brings in the U.S. Department of State. The
U.S. Agency for International Development provides financial resources and
technology assistance to countries with problems of production and marketing of ford
and agricultural commodities. Its role is policy implementation rather than
research and analysis pem se. The White House itself calls for policy evaluation
fmmm time to time in this general area.

6/ As of January 1, 1978,the Economic Research Service (ERS), Statistical
Reporting Service (SRS), and Farmer Cooperative Service (PCS) were merged into the
Economics, Statistics, and Cooperatives Service (ESCS). Hence, for the purpose of
thin report the terms ERS and ESCS are interchangeable.
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Editor's note: The following material on the three U.S. Department of Agriculture sub-
models is reprinted from: The Global 2(100 Report to the President, vol. 2, pp. 549-50.

The Three Submodels

The three submodels -- arable area, total food
(production and consumption), and total fertilizer
use were extremely simple, but they can be
described only approximately because the Depart-
ment was unwilling or unable to provide documen-
tation. The descripti-ms that follow are based
largely on oral responses to questions about the
submodels.

The submodels have a few common character-
istics. They were all specified seperately for each
region in the GOL model for which reliable
historical data were available. The submodels
were all executed after the GOL model and were
dependent on the GOL model in various ways.
The function of the submodels and their various
assumptions must be described separately.

The arable area submodel supplements the
GOL model by providing projections of arable
area. The availability of arable land depends on
many trends, including urbanization and land
reclamation. It is assumed in this submodel that
there is a finite amount of land that is potentially
arable, and projections are not allowed to exceed
this constraint. Up to this constraint, arable area
is projected to increase on the basis of time trends
and an index of GOL food prices (intended to
reflect economic incentives). It is assumed that
there will be no large-scale loss or degradation of
arable land due to mismanagement or environmen-
tal deterioration.

The total food submodel augments the GOL
projections (of grains, oilseeds and livestock) to
arrive at total food projections. The procedures
involved were extremely simple. Growth in total
food was in most cases projected as a function of
growth in the GOL commodities (grain, oilseeds
and livestock) based on historic trends. Their
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relationship was almost always assumed to be
constant over time and linear._ Sugars, starches,
tropical products and other livestock were taken
into account, as appropriate, in the various re-
gions. Fish catches for human consumption were
not explicitly taken into account for any region
(except Japan), but were included in the analysis
of a miscellaneous category. This miscellaneous
category was assumed to provide the same per-
centage of the food supply in the future as in the
past. This in turn means that (for all regions
except Japan) the fraction of food needs met by
fish consumption will be constant, unless substi-
tuted by another food in the miscellaneous cate-
gory (e.g., bananas, goats, camels, etc.). Since
food consumption is projected to grow dramati-
cally in all regions, it follows that (in the absence
of major shifts to other foods in the miscellaneous
category) there will be dramatic growth in the
global fish catch. Such growth in fish catch
contradicts the Global 2000 Study's fisheries pro-
jections.

The fertilizer use submodel supplements the
GOL model by providing projections of total
fertilizer use. The projections are highly aggre-
gated. The relative amounts of nitrogen, phospho-
rous and potassium are not given. The aggregate
projections are based on regional time-series and
cross-sectional relationships involving yields per
hectare and growth in crop production. The rela-
tionship between fertilizer use and crop produc-
tion levels is generally assumed to be linear, but
the coefficients are adjusted by Departmental
analysts (depending on the length of the projection
being developed) to reflect assumptions of de-
creasing return to scale. Decreasing returns to
scale are thus specified indirectly (as a function of
time) rather than directly (as a function off ilizer
use).



6 The Energy Sector

Introduction

There are two aspects of energy projections: the geolog-
ical and economic classification of fuel mineral resources,
and the economic estimation of supply and demand bal-
ances for various energy forms.

The model employed in geological and economic clas-
3ification of fuel mineral resources is essentially identi-
cal to that used for nonfuel minerals, and the interested
reader is referred to the discussion of the "McKelvey
box" in the next chapter (Nonfuel Mineral Sector).

The Government's model for projecting world energy
supply and demand balances is complex. The Department
of Energy (DOE) projection model is called the Interna-
tional Energy Evaluation System (IEES). The documen-
tation available to the Global 2000 staff at the time the
energy model was being reviewed consisted of two docu-
ments: (1) a draft "Methodology"' appendix intended
for publication in the Annual Report of the Administra-
tor, Energy Information Administration (EIA), within
DOE, and (2) a document' describing part of the demand
submodel of IEES. The draft "Methodology" appendix
was raver published, but was the best source available
to the Global 2000 staff. It provides a brief overview of

the entire IEES model and is reprothr2d here. The docu-
ment describing part of the demand submodel is much
more detailed, but not especially helpful in understanding
the whole IEES model bc.. also it dads with only part of
one of the six major submodels. Only the overview
description of the demand submodel is repeated here.

The "Methodology" paper that follows will provi le the
reader with a general sense of the IEES model. Reauers
interested in further information on the TEES model are
referred to a two volume report' on the model, which
was not available at the time the Global 2000 Study was
attempting to review the IEES model.

References

1. Mark Rodekohr and Colleen Cornett, "Methodology," an unpub-
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of the Administrator, Energy Information Administration, Depart-
ment of Energy.
2. Derriel Cato, An Analysis of OECD Country Energy Demand 77-
WP1A-19, Washington: Federal Energy Administration, Aug. 1977.
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ment of Energy, 1979.



Editor's note: This section is an unpublished draft appendix by Mark Rodekohr and
Colleen Cornett. The appendix was drafted originally for publication in the 1978
Annual Report of the Administrator, Energy Information Administration, Depart-
ment of Energy.

Methodology

Introduction

The analysis in this report was supported and validated
by a large detailed equilibrium model of the free world energy
market referred to herein as the International Energy Evaluation
System (IEES).

After first contrasting the approach used here with that
of other studies, this appendix reviews the methodology and data
utilized in the forecasting approach. IEES is based substan-
tially on the metaodology developed for the Project Independence
Evaluation System (PIES) and described in detail in the National
Energy Outlook for 1976.

A Methodolnical Approach

Published energy analyses and forecasting are practiced
at two levels of detail. In one, "the GDP multiplier approach,"
total demand for energy is forecasted on the basis of economic
growth. Indigenous supplies are considered additively in pro-
viding for demand and any excess is considered to be importable
from international trade. This approach it" the basis of most
policy documents and recent projections.*

While this approach is much to be commended for its sim-
plicity and directness, indeed it has beer used in IEES for the
developing countries, it brushes many of the key issues under
the collective rug known as the "estimate of the GDP multi-
plier," that relates economic to energy growth. Vigorous
policies of energy conservation, pricing, and controls result
in lower values while expansionist policies and high con-
sumption result in higher values. Countries with low average

* See for example

1 "World Energy Outlook," OECD, March 1977.

2 CIA International Outlook, April 1977.

3 Energy Global Prospects 1985-2000. Workshop oil Alternate
Energy Strategies, McGraw Hill Press, 1977.
This is true of some of the WAES national studies; however,
the revised overall integration methodology also falls into
the second "market method."

3 0 6
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GDP multipliers -- Sweden and Germany -- are analyzed as ex-
amples for other countries. The fact that the annual variation
in the GDP multiplier for any one country often exceeds the var-
iance over all others, remains as a curious if not embarrassing
detail of the method.

The second method of energy analysis is more demanding and
consequently has little public usage except by companies, organ-
izations, and others for whom the energy trade is a livelihood.

In the second "market method," a detailed model of the
energy market is established in which consumption is estimated
by econometric analysis of historical and current data, and
supplies are evaluated competitively through an.existing trans-
portation, processing, and conversion technology. Based upon
this analysis, consumption responds to but is not determined
solely by economic growth, and suppLies need not be additive or
even usable in the satisfaction of demand and, thus, determination
of import dependence.*

The second method generates a vehicle that is responsive
to the conceptual manipulations of the market by policy analysts
and yields a detailed understanding of its response.

In particular in determining the demand for petroleum prod-
acts and, thus, crude oil, it is equally crucial to study the
market for non-petroleum products in detail.

The analysis developed in this study adds another element
to the technique of the "market method" by explicitly considering
the effect of energy prices on consumption. The purpose is to
permit the evaluation of the competitive positions of coal, oil,
and natural gas in an International market in which the marginal
supply of oil, from OPEC, is susceptible to price control. The
key issue is to evaluate the market for OPEC oil as a function
of price. However, this analysis also provides a means for eval-
uating national policies since the detailed market model provides
an explicit treatment of many of the vehicles of policy implemen-
tation -- tariffs, taxes, demand management, regulations, price
control, etc., in energy trade, refining, utilities, synLhetics,
and consumption by sector.

* See for example

1 The National Energy Outlook, 102)6, GPO.
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Overview

IEES calculates snapshots of average annual world energy
balances and equilibrium prices, for base years in the range
1977-1990. The energy market is considered as the detailed in-
teraction between five major energy consuming areas: the U.S.,
Japan, Canada, OECD Europe and Australia/New Zealand. OPEC,
the remaining non-OPEC LDC's, and the centrally planned economies
of Russia, East Europe, and China are considered in less detail.
Collectively these'are represented in 12 regional descriptions
whose emphasis is on the OECD countries because they consume
roughly 80 percent of free world oil.

Energy trade is considered as a fully competitive market for
indigenous and imported resources of oil, coal, natural gas, and
nuclear, hydro and geothermal energy, subject to distortions im-
posed by various national policies such as regulation, price con-
trol and cartelized price fixing.

Given an OPEC oil price, specifically for its marker crude,
world energy :'apply, demand, and prices are established by a com-
petitive equilibrium in which consumption and supply are determined
by price, consistent with the free world's current and forecasted
ability to convert primary energy into final consumption; Figure
B-1 shows the general structure of IEES.

The basis of the IEES methodology is the dynamic forecast
of annual energy demand from 1975 to 1990 based upon a specific
energy price and national Incomeprojection. Giving a base price
forecast by region for the major fuels (gasoline, distillate, re-
sidual fuel, jet fuel, electricity, natural gas and coal), an
annual forecast for 49 products by region by sector is developed.
By successively perturbing the base prices independently, annual
elasticity matrices can be developed for the effect of changes
in the base price on the demand forecast. The prices are defined
to be the wholesale price on the coast or principal port of loading
for the region involved, less taxes or tariffs.

In each region, the supply models consist of representative
supply estimates in the form of incremental supplies available as
a function of indigenous wholesale price for coals -- steam coal,
lignite, metallurgical coal; oils, by source; and gas by source.

In each region, crude specific-refinery models transform the
oil to products and in OECD regions detailed capacity and fuel spe-
cific electrical utility models generate electricity. In non-OECD
regions, demand is defined to include utility inputs rather than
outputs. In OECD regions, the principal conversions of metallurgical
coal to coke,' manufactured and blast furnace gas transactions are
modeled.

3 1 t)
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figure B-1. The TEES System Structure
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Finally, the transportation of raw materio s and products via
tankers, bulk carriers, rail, and pipelines is -odeled to inter-
connect the regions.

The United States representation in the ZEES. models is at two
levels of detail. For precise representation of the multi -fuel
substitution capabilities, the PIES model is coupled directly to
the IEEE model, and the two are solved simultaneously with con-
sistent Scenario specifications. Alternatively, for studies
relating principally to oil, it suffices to represent the United
States' import demand as a price sensitive oil demand in the IEESmodel.

Caveats and Assumptions

As discussed in the body of this report, the-results of the
'forecasts must be interpreted with care because they are tied to
sp 'ific assumptions and do not include future policies or changes
intrJuced by other countries or major structural changes that
could be induced by higher oil prices. .

A cautionary note is necessary on the subject of links between
real economic growth and the growth in demand for energy. Although
the demand forecasts are based intimately on economic growth fore-
casts, there are feedbacks from the energy market to economic
forecasts. Thus, a supply shortfall that induced sharply higher
energy prices would have an effect on the growth of demand, thus,
easing the shortfall. This effect is obviously much more important
in nations where imported energy is a larger component of GDP than
for the U.S. However, as a secondary effect, U.S. growth is itself
determined by trade with the countries that could be most seriously
affected.

The analysis makes several fundamental assumptions in addition
to scenario specifications.

o International energy trade, supply, and demand is
determined by a classical equilibrium constrained by
OPEC supplies and prices.

C
o The model considers only a partial energy sector equi-

librium and assumes that the economic effects due to
linkage of prices on economic growth and international
trade are considered exogenously.

o All institutional aspdcts affecting consumption are
specifically captured by the time series describing
consumption and continue at their 1960-1974 trend.
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o Natural gas pricing in OECD countries is essentially
average pricing whereas marginal pricing holds for
all other energy commodities'including electricity.

o U.S. product imports are constrained by 'heir 1973-
1975 peak levels as a proxy for product import tariffs,

o The U.S. does not export Alaskan oil or natural gas.

o All conservation effects curret.tly observed inter-
nationally are directly attributable to price effects.

The model's structure varies by sector. The first Three
sectors to beAiscussed, iron and steel, other manufacturing,
and residential/commercial, are identical in structure where
fuel substitution is emphasized. The methodology used in the
determination of these sectoral demands is similar to that
used in the PIES demand model. The remaining sectors utilize
either a single equation flow-adjustment representation or static
formulation depending upon the particular fuel.

Iron and Steel,- Other Manufacturing, Residential and Commercial

The model structure encompassing these sectors is identical
and is designed to capture "budgetw.e:fects through changes in the
level of prices and fuel substitution effects through changes in
relative prices. The model can be given the following heuristic
interpretation: Consumers of energy first determine a total BTU
budget based upon the level of energy prices, incomes, and past
behavior and secondly, given the BTU budget, determine fuel .7hoice
based upon relative prices and past behavior (capital stocks).

The quantity data is oerived from the OECD publication
Statistics of Energy, the macroeconomic data comes from the OECD
Economic Indicators, and the ret,:l price data comes from se-
lected OECD and non-OECD sources. The period of estimation is
from 1961 to 1974. The estimation technique is a generalized
least squares method of pooling cross section and time series-
data.

Figure B-2 illustrates the determination of each sector's
product demand. The average (value weighted) sectoral energy
budget per capita is econometrically estimated as a function of
a value-weighted price index, gross domestic product (GDP) per
capita, and a lagged endogenous, variable. The value-weighted
price index is used to Iccount for differences in end-use etfi-
ciencies, GDP is the measure of economic activity, and the lag
term is useo to approximate overall capital stock changes. The
product fuel ratios (ratio of the product to the value-weighted



296 THE ENERGY SECTOR

liture B-2. General Demand and Model Structure
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energy buget) are estimated as a Lunction 01 the ratio of prod-
uct price to the value-weighted average price and a lagged en-
dogenous variable. The sectoral product demand is simply the
product of the fuel ratio and sectoral demand.

The only exception to this general ,structure is in the iron
and steel sector where total demand is estimated as function of
iron and steel production instead of GDP, The iron and steel
model also attempts to capture indirectly the demand for coke=
oven-gas and blast furnace gas. Blast furnace gas is captured
and either used as a source of industrial heat or used for elec-
trical generation. Since both coke-oven-gas and blast furnace
gas are by-products, they are not considered as substitutes for
the budget fuels.

Transportation Sector

In the transportation sector, a dynamic flow adjustment
model is used for each of the major fuels: gasoline, jet fuel,
and diesel fuel while a static single equation approach is used
to estimate the remaining minor fuel demands. This method pre-
cludes fuel substitution in this sector, a result consistent
with most mode choice decisions.

Non - Energy Petroleum Sector

The fuels comprising this sector are mapthas, petroleum
coke, and the like. Due to data limitations, only total non-
energy petro1euM was statistically estimated using a log-linear
relationship with the various products, shares were assumed to
be maintained at their 1974 levels.

Energy Sector

This sector represents final energy consumption by producers
of energy products. For example, a coal mine's consumption of
electricity in its mining operation appears as final user demand
in the energy sector. Since consumption in this sector is
strongly related to production, average historical relationships
between product consumption and the relevant production variable
were assumed to hold for the forecast period. Fourteen separate
relationships were estimated. Examples are: electricity con-
sumption by coal mines is related to the production of coal;
electricity consumption by electricity generating plants is re-
lated to the production of electricity; gas consumption by the
gas works is estimated as a function of gas production.

0
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model Parameter Estimates

As was previously discussed, the model contains estimated
equations tor 49 eheryy products in 19 cou-tries. Therefore, the
number of estimated equations is well over 100 and too numerous
to list in this appendix. However, the major budget equation
estimates in Iron and Steel, Other Manufacturing, and Residential/
Commercial sectors can be presented. The estimates for the price,
income, and the lag term ate summarized in Table 8-1. For the
most part, the estimates all have the correct sign -- a negative
sign on the price term and positive signs on the income and lag
terms. Furthermore, the value of the lag term between zero
and one, a necessary condition for stability. The values indicate
a generally good fit across all sectors.

Model Performance

The performance of the model can be illustrated grossly by
the estimated and actual comparison of final demand by region in
Figure B-3.

OECD Demand Model Price and Income Elasticities

In this section, we present a summary.of come of the aggre-
gate elasticities. In the actual IEES system, most of the 49
fuels in each of the 4 regions contain both own and cross price
elasticities of demand. The full elasticity matrix is too
large for presentation in this appendix, so a summary of some
aggregate elasticities is presented in Table B -2.

These elasticities represent the change in the final demand
of each fuel with respect to a change in the price of all four
aggregate fuel types. Therefore, each row of the matrix cor-
responding to own price elasticities should have a negative
sign, while all other rows should be positive, representing
interfuel substitution. Except for the (small) negative cross-,
elasticity between natural gas and other fuels, all'of the cross
elasticities are positive.

The GDP elasticities for 1Q85 are summarized in Table B-3.
Except for coal (exclusive of utility consumption), all of the
elasticities are positive and slightly greater than one in value.

National Resource Estimates

The supply estimates (at current real prices) used in IEES
are derived by analysis of various national forecasts of energy

41)
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Table B-2. Aggregate Retail Price Elasticities of Demand
in Five Major Regions for 1985

NORTH
EUROPE

SOUTH
EUROPE

Solid Fuels:

U.S. CANADA JAPAN

Solid Fuels -.215 -.75 -.94 -1.02 -.94
Natural Gas .005 .004 -.008 .03 -.008
Electricity .011 .009 .006 .03 .007
Petroleum .002 .002 .002 .02 .002

Natural Gas:
Solid Fuels .030 .10 .06 .19 .03
Natural Gas -.426 -.20 -.12 -.17 -.17
Electricity .052 -,.0008 .002 .00 .005
Petroleum .013 .01 .006 -.0005 .006

Electricity:
Solid Fuels .131 .32 .44 .49 .22
Natural Gas .228 .08 .04 .07 .09
Electricity -.376 -.42 -.40 -.41 -.38
Petroleum .077 .07 .08 .04 .06

Petroleum:
Solid Fuels .031 .18 .33 .21 .16
Natural Gas .062 .10 .08 .05 .06
Electricity .111 .08 .12 .06 .07
Petroleum -.263 -.48 -.28 -.31 -.30

Table 8-3. Aggregate GDP Elasticities in Four Major Regions in 1985

NORTH SOUTH
CANADA JAPAN EUROPE EUROPE

Solid Fuels -.69 -.46 -.72 -.52
Natural Gas .86 .92 .75 ' -.78
Electricity 1.28 1.19 1.30 1.22
Petroleum 1.06 1.26 1.43 1.33

31 9
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supplies provided by the International Energy Agency (IEA), the
organization of Economic Cooperation and Development (OECD) and
other sources. No attempt has been utilized to explicitly model
the supply potential of other countries, but rather the national
estimates are used directly, tempered only where necessary by
FEA judgment to reflect the specific scenarios to be evaluated
in this report.

Except for Saudi Arabia, Kuwait, Iraq, the United Arab
Emirates, Qatar, and Libya, actual production levels by in-
dividual countries are assumed to be equal to productive
capacity.. However, due to excess oil revenues well beyond
current economic requirements, the Saudi group of suppliers
have been willing to accept production levels significantly
below productive capacity. This group of countries acts as
the residual supplier of oil to the world and, therefore,
has economic control of incremental world oil supplies and
ultimately world oil prices. This incremental production
is allocated on a productive capacity basis with Saudi Arabia,
for example, assuming the largest share. Since the model
treats these countries as the residual source of supply, no
production limit is imposed. OPEC production sharing per-
centages are shown in Table B-4. ,.

Table B-4. OPEC Production Sharin Percenta es 1980-1990

1980 1985 1990

Iraq 12.3 13.7 16.9
Kuwait 10.6 10.2 10.1
Libya 8.8 8.5 8.5
Saudi Arabia 56.3 54.6 54.0
United Arab Emirates/Qatar 12.0 13.0 10.5

Electric Utilities

In medium term energy models, utility modeling is the
most important conversion process because it defines a signif-
icant capability of substitution among coal, oil, natural gas,
and nuclear energy to produce electricity. Because these fuels
have widely differing availabilities and costs, ,accu.ate utility
modeling of generation capacity from coal, oil, and gas is
,essential to.capture demand for oil.

Utility generation models are complicated by the fact that
the generation cost of electricity is a function of capacity
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utilization and electrical demand is a function of time of year.
Base loaded nuclear generation is relatively cheap at high util-
ization rates but extremely capital intensive. Peak loaded gas
turbine generation is relatively expensive and has low capital
requirements. Thus, the nature of the load curve has a primary
influence on the choice of generation types./2

Conventional Thermal Generation

This category includes all conventionally-fired boiler-
steam-driven power generation. The principal problem is to model
fuel requirements, fuel type, capacity and generation costs.

The data sources available dictate a somewhat unique
approach. Outside of the U.S., most data are readily available
for EEC countries (comprising most of Western Europe) and Canada.
At a lower level, OECD data sources provide good background
coverage that has yet to be updated.

In general, existing aggregate thermal capacity is allocated
by country on the basis of fuel shares at efficiences,lxtlliwition
rates and reserve margins consistent with the latest data year
available, usually 1975. This is because fuel specific capacity
data is not generally available. However, data on capacity, gen-
eration peak loads and also quantity and quality of fuels burned
are available from OECD sources for 1975. Tables B-5 and B-6 show
sample fuel shares and specific fuel efficiencies aggregated by
region. Table B shows utilization rates by country. The his-
toric31 nuclear utilization rates are replaced by 0.65 for all
countries for projection-purposes.

For EEC countries, Canada and Japan, detailed fuel specific
capacity data are available, together with recent statistics on
generation and .quantity and quality of fuels burned. For these
countries, a detailed model of fuel specific capacity is util-
ized that can allocate multi-fuel capacity to any fuel source
on the basis of economic. choice.

Fc. existing capacity, fuel efficiencies, utilization
ratios, and-fuel quality are deduced from the most rec(at
statistics of fuels burned. Each unit of capacity is assumed
to generate 97 percent base electricity and 3 percent peak
electridity. In addition, existing and planned capacity is
constrained to be utilized although a lower bound is calcu-
lated for all existing capacity based upon a 3 percent per
annum retirement schedule. If the unit is uneconomic, it may
be partially retired.

Fuel quality varies remarkably by region. Table B-8
shows the derived qualities utilized throughout the utility

321



Toblsi -5. Regional Fuel Shares Data (fraction)

(Actual modeling is by country.)

Region Coal Lignite Residual Crude Natural Gas 2.F. Gas Total

Canada 0.527 0.076 0.153 0.244 1.000N. Europe 0.393 0.131 0.264 0.169 0.042 1.000S. Europe 0.106 0.090 0.700 0.047 0.057 1.000Japan 0.042 0.599 0.253 0.055 0.049 1.000
Australia/New Zealand 0.706 0.193 0.056 0.045 1.000

Table 8-6. Specific Fuel Efficiency in Power Generation by Region*

(Actual modeling is by country.)

Region

Coal Lignite Residual Crude Natural Gas B.F. Gas
ST per ST per BBL per BBL per 000 CU.FT. 000 CU.FT.
HWH MWH MWH MWH

.....kU*?1WM Per Ka

Canada 0.479 0.979 2.293 11.700
N. Europe 0.505 1.509 1.725 8.646 95.882
S. Europe 0.615 1.574 1.778 9.059 98.538
Japan 0.434 1.656 1.656 7.227 89.813Australia /dew Zealand 0.400 1.389 1.463 9.593

* The efficiencies in this table reflect the varying BTU content of the regional fuels consumed.

32.! 32



THE INTERNATIONAL ENERGY EVALUATION SYSTEM METHODOLOGY 305

Table 8 -7 Historical Utilization Rates by Counta

Country* Nuclear Thermal Hydro Ceo- thermal

WC 0.712 0.460 0.323
AU 0.421 0.310
AS 0.440 0.400
BL 0.440 0.482 0.057
DE 0.341 0.304
SP 0.799 0.355 0.333
FI 0.427 0.559
FR 0.674 0.445 0.394
GR 0.537 0.333
IT 0.752 0.460 0.310 1.000
IL 0.499 0.112
IC 0.058 0.550 *is

311 0.478 0.524 0.469
LX 0.497 0.008
NO 0.281 0.488
NE 0.717 0.435 0.0
PR 0.251 0.427
UK 0.664 0.406 0.177
SW 0.710 0.449 0.534
SZ 0.685 0.401 0.345
TU 0.504 0.347
CA 0.685 0.400 0.642

*Country definition is as follows: WG-West Germany; AS-Austria;
BL-Belgium; DE- Denmark; SP-Spain; FI-Finland; FR-France; CR-Greece;
IL-Ireland; IC-Iceland; IT-Italy; LX-Luxembourg; NO-Norway; NE-Netherlands;
PR-Portugal; UK-United Kingdom; SW-Sweden; SZ-Switzerland; TU-Turkey;
AU-Australia/New Zealand; CA-Canada; JP-Japan.
**Derived from production at 100% utilization.
***Iceland'is considered to be energy self sufficient.

Sources: Electrical Energy Statistics 1975, Eurostat
The Electricity Supply Industry in Australia 1974-1975,
Electricity SUpply Association of Australia
The Electricity Supply Industry - 23rd Survey, OECD
Statistics of Energy 1973/1975, OECD
Electric Power Statistics 1975, Statistics Canada



Table B-S. Weighted Average BTU Content of Fuels to the Utility Sector - 1974/75

Region Coal Lignite Residual Crude Nat. Gas B.F. Gas Distillate

Canada 21.085 12.958 5.623 5.8 1.015 .112 5.825
N. Europe 20.129 6.983 5.2" 5.8 1.030 .112 5.825
S. Europe 17.262 7.590 5.342 5.8 1.031 .114 5.825
Japan 17.717 7.199 5.669 5.669 1.078 .110 5.669
Australia/N.2 23.000 7.198 6.287 5.8 1.032 .112 5.8:5

Units - Coal and lignite: 106 BTU/STON; Residual. crude and distillate: 105BTU/BBL;
Nat. gas and B.F. gas: 103 BTU/CU.FT.
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sector to provide statistical consistency with observed.con-
numption data.' All internationally traJld fuels are defined
by the global values.

Complete data on currently planned capacity are known by
unit to 1980 for all OECD countries. All units are constrained
to be used. New capacity is modeleo at the regional level
using PIES data sources for specifications of generic units to
be built.

Nuclear,, and Geothermal Generation

Data on existing units are readily available giving capacity,
generation, and utilization and costs. For nuclear generation,
the construction of generic U.S. PWR reactors is permitted by
region to meet an independent forecast of nuclear generation by
country aggregated to the regional level.

Utili.ation rates of 65 percent are applied to all existing
and new reactors uniformly for all regions f'- 1980, 1985 and
1990 projections. However, for Canada, the electricity generated
by nuclear reactors assumes a 75 percent utilization rate follow-
ing Canadian experiences with CANCU reactor.

Hydro capacity is allowed to expane similarly to levels
defined by the national hydro-forecasts aggregated ix), region.
However, here the historical regional hydro utilization rates
are used to contrast the vast difference between some Canadian
projects and the much smaller European or Japanese projects.
Geothermal generation is modeled only in Italy based upon 1975
data.

Pricing of Electricity

Since existing generation costs are not available for most
countries, the pricing of electricity in IEES is based on the
marginal cost of generating electricity. In generals the demand
for electricity is greater than existing facilities (both-thermal
and non-thay.al) and planned thermal cons t lctions can supply.
For that reason, it is-only necessary to supply accurate costs
for additiora.: construction of all power generation plant types.
The costs inol-Ad are:

o Amortized construction costs.

o Operation and maintenance costs.

o Marginal fuel costs.

32
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These data compare favorably with available data on
national industrial rates for electricity it most countries
before taxes.

Synthetic Conversion Process

The synthetic conversion processes modeled by region are
the various transactions necessary in the production of metal-
lurgical coke, manufactured gas, producer gas, and briquettes
defined in the OECD data sources. They are primarily a means
of tracking metallurgical coal demand and industrial gases used
for utility generation and are based directly upon the OECD
annual statistics.

Refining ,

The ZEES refining submodel is very similar to the PIES
reining submcjel and provides an integrated analysis of the
many crude sources and markebs in which the refineries compete.
The current representation incorporates 43 crudes, 8 refining

/. regions, 6 final product types, and 10 markets.

The model characterizes the conversion of vAlious types of
crude oils into broad categories of refined petroleum products
demanded in the integrlting model on a price sensitive basis.
It provides the flexibility to produce a variable mix of petro-
leum products for the future product demand patterns while per-
mitting the evaluation of the products and the crude oils in
lice with historically observed price differentials.

Base Yields

Refinery operations are modeled in a flexible manner. Bate
operating modes are provided for each crude in each refining
region assuming the 1974 operating conditions. The crude ape-
ciftc refining yields are obtained by relating the crude slates
and the products yielded by these crude slates in the actual
1974 operations by means of crude oil property attributes con-
tained in,the Refinery and Petrochemical Modeling System (RPMS)/3
data base. One or more attributes are selected to predict the
yield of a petroleum product. The average actual product yields
of the crude slate are assumed to be a function of the average
actual attributes. Consequently, the ratio of a specific crude's
attribute to the average attribute for a given product is used
to predict the yield for the product from the same crude.

Each distillation activity provides the finished product
yields and consumes a specific crude. The distillation operation
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additionally consumes crude unit, cat cracker and reformer
capacities. The capacity consumption data are crude specific
for the cat cracker and the reformer.n These coefficients are
derived in a manner similar to the product yields, i.e., on

-the basis of crude attributes. A cash operating cost is also
associated with each distillation Operation.

The operating costs are derived from published data/4 and
include a desulfurization charge above the 1974 desulfurization
levels.

Shifts From Base Yields

The base yields for individual crudes are augmented by
shift activities to provide the flexibility needed to satisfy
the changes in the product demand patterns in the marketplace
within the technical capability of the refineries. As was
outlined in the introduction, the cost of producing each prod-
uct in the refining sector determines the product values obtained
in the IEES model solutions. The product price differentials
observed in the international markets are taken as a proxy
for the production cost differentials among the various products.
An anlysis of the price differentials in the Rotterdam market
provided the product cost differential estimates, used, in the
representation of the yield shift activities.

The shift activities allow downgrading or upgrad;;:ng of the
finished products into each other on the basis of product price
differentials. These are derived from representative Rotterdam
market transactions (expressed as differentials from the value
of residual fuel oil). The shift costs and the product volume
debits or credits are represented in the model on a BTU equiva-
lence basis and preserve the volumetric material balances.

Refining capacities are modeled for the crude distillation,
cat cracking and reforming units. Base refining capacities are
those in existence on January 1, 1977. Refinery capacity con-
struction activities are provided both for new grass roces re-
fineries and for debottlenecking the existing facilities. Grass
roots refineries are built with a crude distillation/reforming
profile. Cat cracking and incremental reforming may be added to
the :'ass roots or existing refineries. The new capacity cost
data for the grass roots refining capacity is derived from ref-
erences in the Oil and Gas Journal /5 while the construction costs
for new cat cracking and reforming are derived from the RPMS data
base.
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Transportation

The transportation submodel of LEES simulates the inter-
regional movements of energy resources among. A total of 11
material-transport mode combinations are represented: coal-rail,
bulk carrier; natural gas-LNG carrier, pipeline; crude oil-small,
medium, and large tanker, VLCC, pipeline; oil products-product
tanker, pipeline.

Although intra-regional transportation is not modeled explic-
itly, estimates of the costs of intra-regional distribution are
included as a part of the production cnd refining costs of the
energy resources.

The important physical or technological limitations which
affect the distribution of energy are described within these
transportation models. The capacities of the energy transpor-
tation systems are represented as limits on the total shipments
between regions.

The 11 material transport modes inv,- ve multiple classes of
shipping by size category and cargo hand. '. Four size categories
of oil tankers are specified in order to reflect the differing
economics of the Various size tankers and to depict the physical
restrictions of canal passage and port access. Small tankers are
defined to be those that are capable of transit through both the
Panama and Suez Canals. Medium tankers are specified to be those
too large for Panama Canal passage but which are small enough for
the Suez Canal and most ports throughout the world. Large tankers
are those whose draft requirerv-nts prohibit their oirect access
to most U.S. and Canadian ports but which normally do have access
to other areas of the world. The fourth class, VLCC, includes
all tankers which require the availability of superports to
offload their cargo and which are too liege to transit either
canal. It is assumed that large sire tanxers can 'ransit the
Suez Canal whenever sailing in ballast. This routing signifi-
cantly shortens the travel times of these tankers when returning
t the Persian Gulf from their destinations in Europe and the
Western Hemisphere.

Transportation costs associated with tanker movements are
calculated on the basis of an average of current snort- and long-
term charter and called "Average ereight Rate Assessment" or AFRA
rates. The rates are determined for cich size category of tanker
and are compiled monthly by the As:.-ration of Ship Brokers and
Agents. The rates are expressed a,; A per of 1 set of ref-
erence freight rates called ".;orldscale," which are compiled by
the same association and publi:-hed periWically. Thus, an AFRA
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rate of 75 for a given size tanker-is interpreted to mean that
the average ireight rate beini zhdryed -is 15 percent_olthe icier-
ence rates over all trade routes for that size tanker.

Worldscale rates are specified for each major trade route
in the world and, in general, vary slightly depending upon the
ports utilized. However, since this analysis isibncerned with
the average rates experienced between major regions of the world,
it is sufficient to express the 1975 worldscale rates in terms
of a linear regression equation as follows:

Worldscale Rate = 1.26 (Distance) + .88

where distance is expressed in thousands of nautical miles and
the rate is given in dollars per long ton. The regression was
derived using a representative set Of ;.975 worldscale rates with
an R- squared goodness-of-fit statistic of 0.9925.

A basic assumption in the model ie that the current rela-
tively depressed tanker rates will continue into the foreseeable
future. This is obviously a somewhat optimistic estimate of
transportation costs. These costs could be higher by sometime
in the 1980's if the demand fet tankers is substantially in-
creased. However, this bias toward lower rates is nOt very
extreme, as will be explained below, and is done primarily in
order to be conservative with respect to the impact of trans-
portation costs on any increases in the price of energy.

Short term shortages in available tankers have historically
caused wide variations in the spot and AFRA rates. However,
these fluctuations will be greatly diminished for at least the
next five years due to the current excess of shipping capacities

.

that has resulted from the decrease in the growth of demand and ,

the excessive building programs for super tankers that have
taken place in recent years. It is assumed in IEES that the
building of tanker capacity beyond 1980 will keep pace with the
rising demand for oil, and thus, the AFRA rates will continue
to compare with the long term charter rates and not be biased
significantly higher due to a shortage./6

The shipping rates imposed in IEES are adjusted dynamically
as a function of the price of bunker fuel. As the price of bunker
fuel changes, the transportation costs on each route are adjusted,
based upon the usage of bunker fuel on the /oute for each type
Or ship. This is accomplished by subtracting the contribution of
bunker fuel to transportation costs using current fuel prices and
then letting the' model determine-the level of bunker fuel to be
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used based upon the actual usage of ships. The model consumes the
appropriate quantities of bunker fuel at the prevailing price in
each region.

The transportation costs associated with international
shipments of coal and liquefied natural gas (LNG) were also es-
taplisheo via regression analysis using Bureau of Nines.data in
the case of coal and PEA estimates in the case of LNG. The
freight rates applied in the model are given by the following
equations: -

Coal Rate 1.86 (Distance) + 4.96

LNG Rate . 0.177 (Distance) + 0.189

where the coal rate is expressed in dollars per long ton and the
LNG rate is expressed in dollars per thousand cubic feet of nat-
ural gas. The rates assumed for pipelineSfin IEES are the same
as those assumed for the United States.

a
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Data Sources

A great variety of data sources were researched in develop-
ing the data base for the IEES model. The most useful and
productive sources are listed here.

EEC Countries

1. Eurostate, Electrical Energy Statistics, November 1975.

OECD Countries

2. Electric Supply Industry, 23rd Enquiry, OECD, 1972.

3. 27th Survey of Electric Power Statistics, OECD, 1974.

4. World Energy Outlook, OECD, 1977.

5. Statistics of Energy, 1960-1974, Paris 1975.

Canada

6. Electric Power Statistics, Vol. III, 1975, Statistics,
Canada.

Japan

7. Survey Of Japanese Market of Electric Energy Systems;
piepared for U.S. Department of Commerce by Peat, Marwick,
Mitchell.

8. 48th Semi-annual Electric-Poweig Survey, Japan Electric
Power Survey Committee, April 1976.

Australia/New Zealand

9. The Electric Supply Industry in Australia, 1974-75,
Electric Supply AsSociation of Australia, April 1976.

10. Market Research Study for Australia in the Field of Elec-
tric Energy Systems,-Price Waterhouse Adsociates, July,
1975.

11. Reports of the New Zealand Electricity Department, 1976.
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FOOTNOTES

1/ Full details can be found in Derriel Cato's paper, An
Analysis of OECD Country Energy Demand," March 1977,
Discussion Paper No. 1-02-77.

2/ Full details can be found in Appendix L of the National
Energy Outlook for 1977.

3/ RPMS is a commercial data base and matrix generator package
available from Bonner and Moore Associates, Inc., Houston,
Texas, for modeling refinery and petrochemical operations.

1/ The regional operating costs are derived from a Pace study,
*Determination of Refined Petroleum Product Import Fees,"
July 1976, by the Pace Company, Houston, Texas and consist
of salaries and wages, utilities, maintenance, supplies,
and catalyst/chemical usage, and taxes/insurance in 1975
dollars.

1/ Oil and Gas Jourgal, July 15, 1974, p. 87 and July 22, 1974,
p. 60. The estimates for the U.S. Gulf Coast have been ex-
tended to IEES regions using the location cost factors in
the latter article.

6/ See The world Petroleum Market," Chapter IV, M.A. Adelman,
1974.
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THE ENERGY SECTOR

1. OVERVIEW OF THE OECD ENERGY DEMAND POEL

Introduction

The purpose of,this study is to describe the current version of

the non-U.S., OECD Energy Demand Model. The description, first,

concerns energy variable definitions as used within the modeling

structure. Chapter II presents vigorous definitions and displays

of the energy balance accounts, as well as a growth rate analysis

performed on the historical data. The main conce-rn of the his-

torical analysis is to discern sector and product consumption

patterns of the various countries over the period of observation.

Following the analysis of energy consumption patterns, growth

rates of energy prices and macro-variables are displayed. These

data are presented as an appendix to Chapter II.

The subsequent major efforts are placed on the model structure

assumed, econometric techniques employed, and the resulting

statistical estimates. In order to ascertain the reliability

ofthe model, a historical analysis of the model is made and re-

sulting statistical measures are presented. Finally, the model

is simulated from 1975 to 1990 under a reference scenario of

prices and macro-variables.

Care must be taken in interpreting the results of this exercise.

-First, price and other parameter estimates were obtained over

a period of declining real energy prices and during a period of

rapideconomie development of most of the countries included



OVERVIEW OF THE LEES SUBMODEL OF OECD ENERGY DEMAND 317

in the sample. econdly, the simulation% reprenent uncnnntrained

demand forecasts, which necessitates a regime of rerfoctly elas-

tic supply conditions to be correct. This presumption can hardly

approximate a realistic view of the future energy resource mar-

ket. Therefore, these results are used by the IEES model to

produce market clearing prices and quantitites. The forecasts

are for final demand products only, sometimes referred to as

secondary or converted energy products. Thus, the conversion

process to primary energy is not modeled directly. The con-

version process includes, _among other processes, the electricity

generation sector, manufactured gas conversions, and refinery

operations. It is also important to note that the historical

analysis indicates a large variabilityin the statistical sample

for price, macro, and energy.variables. This variability,

especially in the price term, provides a sound basis for fore-

casting future demands with rather large price increases.

(Sample variability, of course, is the mainstay of econometric

analysis.) The econometric exercise concentrates on substi-

tution and output effects by sector and sector product.

The remainder of this chapter presents outlines of country and

product detail, and of the major product model structure.

Finally, due to its widespread use by international and other

energy bodies, a review of the "energy/GDP multiplier" concept

is made and appropriate criticisms are presented.
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Country and Product Information

The OECD energy demand model solves energy demands by sector

and product for each of 19 countries. (Luxembourg is included

with Belgium.)

The model is rich in detail with a total of 6 sectors and 50

products for each of the 19 countries.

The demands in much of the analyses are aggregated into four

regions: Canada, Japan, North Europe, and South Europe; how-

ever, any other aggregation scheme could be used. The individual

countries are summarized in Table 1.1.

Table 1.1: OECD Demand Model Region Definitions

Canada Japan North Europe South Europe

Austria Greece
Belgium Italy
Luxembourg Portugal,
Denmark Spain
Finland Turkey
France
West Germany
Ireland
Netherlands
Norway
Sweden
Switzerland
United Kingdom

For most of these countries, the demands for a total of 50 products

are econometrically'estimated. Both the sectors and product detail

are summarized in.Table 1.2.

-3-
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Table 1.2: Energy Demand Model Sectoral and Product Detail

Final User Sector Model Products

Transportation Minor

Iron and Steel

.Major

Coal
Liquefied Gases
Kerosene
Distillate
Electricity
Natural Gas
Aviation Gasoline
Bunker Fuel

Gasoline
Diesel Oil
Jet Fuel

Coking Coke
Coke-Oven-Gas
Blast Furnace Gas

Budget Coal
Natup31 Gas
Residual Oil
Electricity

Other Manufacturing Minor Coke
Blast Furnace Gas
Briquettes
Lignite

Budget Natural Gas
Liquefied Gases
Kerosene
Residual Oil
Electricity

Residential/Commercial Minor Coke
Briquettes
Lignite

Budget
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Coal
Natural Gas
Distillate (and

Kerosene)
Liquefied Gases
Electricity
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Table 1.2: Energy Demand Model Sectoral and Product Detail (Cont'd)

Final User Sector Model Product

Non-Energy Petroleum Minor Naptha
Petroleum Coke
Lubes
Waxes
Asphalt
White Spirits
Other

Energy Sector Minor Coal
Lignite
Coke
Blast Furnace Gas
Refinery Fuel
Natural Gas
Electricity
Still Gas

Summary Model Description

The model's structure varies by sector. The first three sectors

to be discussed, iron and steel, other manufacturing, and resi-

dential/commercial, are identical in structure where interfuel

substitution is emphasized. The remaining sectors utilized either

a flow-adjustment equation representation or static formulation

depending upon the particular fuel.

FUEL BUDGET/SUBSTITUTION MODEL: IRON AND STEEL,
OTHER MANUFACTURING, RESIDENTIAL AND COMMERCIAL

The model structure encompassing these sectors is idential and

is designed to capture "budget" effects through changes in the

level of prices and fuel substitution effects through changes

in relative prices. The model can be given the following heuristic

interpretation:
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Consumers of energy firr.t determine a total
sEITU buoget based upon the 1,2vel of energy
prices, incomes, and past behavior, and,
secondly, given the w"U budget, determine
fuel choice based upon relative prices and
p'ast behavior (capital stocks).

rigure .i illustrates the determination of each sectors product

deman3. The average (value weighted) sectoral energy budget per

capita is econometrically estimated as a function of the value

weighted prices, gross domestic product (GDP) per capita and a

lagged endogenous variable. Th?. value weighted price is used to

account for differences in end use efficiencies, GDP is the

measure of econohdc activity, and the lag term is used to approx-

imate overar capital stock changes. The product fuel ratios

(ratio of product to the value weighted energy budget) '-re esti-

mated as a function of the ratio of product price to the value

weighted average crice and a lagged endogenous variable. The

sectoral product demand is simply the product of'the fuel share

and the total sectoral demadnd.

The only exception .to this geneill structure is in the iron

and steel sector where the total demand is estimated as a func-

tion of iron and steel production instead of GDP. However,

iron and steel production is, in turn, expressed as a function

of GDP. The iron and steel model also attempts to capture

indirectly the demand for coke-oven-gas and blast furnace gas.

Since both coke -oven -gas and blast furnace gas are by-products,

they are not consider 1 as substitutes for the budget fuels.

341



THE ENERGY SECTOR

Figure 1.1: Major Model Description

Average Sector
Energy Budget

Ratio of',

Own Price
to Average
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Isectoral Product
Demand
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TranrportaLion _Soctor

In the transportation sector, a dynamic flow adjustment model is

used for ach of the major fuels, gasoline, jet fuel, and diesel

fuel while a static single equation approach is used to estimate

the remaining minor fuel demands. This method precludes fuel sub-

stitution in this sector, a result consistent with most mode

choice decisions.

Non-Energy Petroleum Sector

The fuels comprising this sector are napthas, petroleum coke, and

the like. Due to data limitations, only total non-energy petro-

leum was statistically estimated using a log-linear relationship

with GDP and the price of residual fuel oil. The various product

shares were assumed to be maintained at their 1974 levels.

Energy - GDP Ratio

Many forecasts of future energy demand are based upon the notion

of a stable energy growth to growth in real gross domestic prod-

uct (GDP), referred to herein as the "GDP Ratio."

The methodology employed is to compute the ratios over some his-

torical episode and,.giveh. projected future GDP growth rates, to

multiply the GDP projections times, the GDP-Ratio to obtain pro-

.ted energy demand. Usually judgment is used to modify the

historical ratio.to allow for sundry effects -- expected future

price effects, conservation effects, energy-GDP feedback
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effects. And usually some "norm" ratio is usod to robroont a

particular country aependimi u'pon it: stage of developmt.nt.

While forecasts cannot be criticized, methodologies can. Table

1.3 contains historical GDP Ratios for total primary onuray and

total final aemand of various OECD countries; a.c.1 as the table

indicates, these vary considerably across countries.

Assume nor the moment that energy demand (E) depends on log-

linearly entirely upon real energy price (P) and real GDP, and

no feedbacks, then equation (1.1) depicts energy demand.

(1.1) In E = a b In P c In GDP

Taking derivations of (1.1) with respect to time yields (1.2)

(1.2) d In E_ b d ln P d In GDP
dt dt dt'

These relationships can be grouped realistically as in Figure

1.2. The energy growth is larger than GDP growth'since de-

clining energy prices influence energy growth in a positive

way (b>0) .

An examination of Figure 1.2 reveals the limitations of the

Energy-GDP ratio. Over the historical period, the growth of

real GDP is secularly positive_whlreas the growth of real en-

ergy price is negative. The-Energy GDP ratio is:

d In E d In GDP
--UT-- dt

However, given the forecasted increasing real energy price and

constant GDP growth, the ratio analysis would lend one to
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Table 1.3: Historical Ratio Energy Growth.to Real GDP Growth

1960-1973

Total Consumption Total Ki41 Demand
iirowth Rate

Real COP,

S.65

10.18

5.24

Canada

Japan

Austria

1.31

1.11

1.17

1.19

1.19

1.14

.Beltux .95 .96 5.07

Denmark 1.19 1.14 4.62

Finland 1.77 1.96 5.34

France 1.14 . 1.05 5.59

W. Germany .95 .93 4.74

Greece 1.35 1.18 8.21

Ireland 1.54 1.47 4.40

Italy 1.',4 1.79 4.64
,

Netherlands 1.57 1.52 5.69

Norway 1.40 1.31 4.44

Portugual ' 1.22 1.13 7.07

Spain 1.39 1.43 6.67

Sweden 1.57 1.39 3.75

Switzerland 1.56 1.59 3.62

Turkey 1.44 1.39 6.71

United Kingdom .73 0.51 3.00

' United States 1.16 0.92 4.30
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Figure 1.2: Secular Growth: Energy, Price, and GDP
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project constant growth in energy, but price effects would

reduce energy growth unless (b=0). Finally, this analysis in

eludes none of the stock dynamics which are so critical to

-enet gy-analysis.

p-
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7 The Nonfuel Minerals Sector

Introduction

The development of nonfuel minerals projections in-
volves two aspects analogous to those used for fuel
mineral projections: the geological and economic classi-
fication of nonfuel mineral resources, and the economic
estimation of supply and demand balances for various
nonfuel minerals.

The model or methodology used by the U.S. Govern-
ment for the geological and economic classification of
nonfuel mineral resources is the so-called "McKelvey
box." This philosophical scheme for resource classifica-
tion is described in the first chapter ofMineral Facts and
Problems, the primary nonfuel minerals report published
by the Department of the Interior (DOI). This introduc-
tory chapter is reproduced here in its entirety.'

The economic estimation of nonfuel minerals supply
a,* d demand is also taken up in Mineral Facts and Prob-
k.ns. The DOI methodology for estimating future non-
fuel minerals supply and demand balances is described in
the introductory chapter of Mineral Facts and Problem:.

The nonfuel minerais projections provided in Mineral
Facts and Problenis and other DOI reports could not
meet the Global 2000 StOdy's needs for regional
disaggregation. To obtain more disaggregated projec-
tions, the Study followed the recommendation of the
Department of the Interior and used projections
developed by Professor Wilfred Malenbaum of the
University of Pennsylvania. Professor Malenbaum's
methodology, known as the Intensity of Use (IOU)

328

methodology, is described in two studies he has con-
ducted for the U.S. government.

The first of Professor Malenbaum's two studies' was
done in 1972 for the National Commission on Materials
Policy. This study contains a relatively brief description
of the IOU methodology in a section entitled, "Research
Scheme." This one section of Professor Malenbaum's
1972 study is reprinted here.

The second Malenbaum study' describing the IOU meth-
odology was done in 1977 for the National Science Foun-
dation. Th. discussion of the IOU methodology is afore
extensive in this study. Part II (The Research Scheme),
Part III (World Economic Growth: The Prospect for
1985 and 2000), and the inventory pages of Part IV
(Intensity-of-User are reprinted here.

Retention

I. "Introduction," in Department of the Interior, Bureau of Mine.%
Mineral Facts and Problems, Washington. Government Printing Of-
fice, 1975, pp. 1-34.
2. "Research Scheme," in Wilfred Malenbaum, Carol Cichowski,
Ditholkh Mirzabagheri, and James Riordan, "United States Minerals
Requirements in the Year 2000: Production Implications of Foreign
Minerals Requirements in 2000," pp. 1-3, an annex to Materials Re-
quirements in the Year 4000, Washington: National Commission on
Materials Policy, Nov. 30, 1972.
3. Wilfred Malenbaum et al., "World Demand for Raw Materials in
1985 and 2000," an unpublished report prepared for he National Sci-
ence Foundation under grant no. 75-23687, Oct. 1977, pp. 18-51.
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INTRODUCTION

THE IMPORTANCE OF MINERALS IN THE U.S. ECONOMY-1776-1976

The contribution of minerals to the growth
and development of the United States is best
demonstrated by the uses which have evolved
during the past two centures.

During pre-Revolutionary days the colonies
were essentially agricultural in character, pro-
ducing cotton, tobacco, rice, indigo, grains and
flour, fish, livestock, dairy prixtucts, and timber.
Shipbuilding was the major manufacturing in-
dustry. In 1763, the total value of exports for
Virginia, Maryland, New York, Pennsylvania,
and Massachusetts was £2,722,000, of which
£55,000, or 2 percent, was for ".:opper ore, and
iron in pigs" (3)1 and £49,000 was for 21,000
barrels or hogsheads of "pot-ash." The value of
75 ships built for sale in 1763 by the colonies
was £61,500.

At the time of the Revolutionary war, mineral
materials used per capita are estimated to have
been about 1,200 pounds, consisting chiefly of
sand and gravel, 1,000 pounds; brick and lime,
about 112 pounds; coal, 40 pounds; iron, 20
pounds; and the balance for copper, glass, lead,
potash, salt, nitrates, sulfur, and zinc (14).

During the 1776-1976 period, the population
of the United States has increased from about
2.5 million people to more than 215 million.

Currently, the annual output of the U.S.
mining, mineral processing and refining, min-
eral reclamation, and energy industries is worth
more than $270 billion. More than 4 billion tons
of new mineral supplies are needed every year
in the U.S. economy. From a meager per capita
consumption of minerals of about 112 ton in
1776, the annual per capita consumption has
increased nearly forty-fold, to about 20 tons per
person today.

During the first 100 years, science, invention,
and discovery evolved slowly; and so did manu-
facturing and the production of minerals re-
quired to support manufacturing. However, the
discoveries, inventions, and other developments
in the United States and abroad during this
embryonic period constituted a springboard for
the greatest explosion in inventions, discoveries,
innovation, and economic progress the world

Issicesed nundsen on parentheses refer to MIAS in the hot of references at the
end of this dopier

has ever witnessed, not only in the United
States, but in the industrial nations of the world
as well. Paralleling this exponential economic
growth, is the expanding production of minerals
and energy materials, which are critically essen-
tial to the growth of industrial nations, and vital
to ward off the periodic attempts of world
political forces to wipe out the system that made
all this progress in humanity possible.

The accompanying chronology of inventions
and discoveries in the United States and abroad
is highly selective, compiled Jo identify some of
the important events that mark the progress of
the United states and the world, and the parallel
contribution of the minerals industry to that
progress. Figures 1 to 10 show the historical
production pattern for gold, silver, pig iron,
coal, copper, aluminum, lead, zinc, natural gas,
and petroleum. The charts and tables in the
chapters of the volume present production and
consumption data for more than 100 mineral
commodities for the United States and the rest
of the world.

Many of the inventions and discoveries cited
in the chronological table resulted in the devel-
opment of large industries, which in turn made
heavy demands on the mineral productive ca-
pacity of the United States. The automotive
industry is a dramatic example.,

During the late 1800's numerous inventions of
internal combustion engines were made, and
between 1880 and 1900 numerous custom-made
models were built in the United States and
abroad. By 1903, when first reliable motor-car
statistics were available, production was reported
as follows:

frau* 30.204
UMW Salm 11,236
Omit Britain 9,437
°miry 6,904
el0091rn 2039
Italy 1,306

Total 61,927

In 1904, Olds of Detroit manufactured the
first mass-produced (more than 10 per week)
motor car. In 1908 Henry Ford introduced the
Model T and also assembly-line production,

,which gave great impetus to the motor vehicle
manufacturing industry.
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WA IWPWATIWI - 1880-[875
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Figure I.-Population of the United States in million of
persons, 1800-1975 (6.7).

In 1975, motor vehicle production of passen-
ger cars, trucks, and buses totaled 8,981,580
units. Total for the world was 33,193,154 (2).
The manufacture of these vehicles in the United
States required the following amounts of metals:

Thousand Anent of bill
shoo tons u S oollsurnotion

AN loans Cl Neel
NUITMUYI

Copper end come( Mays
Wad (inciooss comity)
Malleable iron
arc

15,925

255
1.000

431

17
13
0

63
48
as

t Quantities" of minerals and fuels required by
numerous other industries are given in the
supply-demand tables and charts of each com-
modity chapter, where the amounts required for
various end uses such as transportation and
machine manufacturing are identified by Stand-
ard Industrial Classification (SIC) numbers of
two, three, and four digits.

The role of minerals in the U.S. economy at
present is depicted in figures 11 to 19, which
Include per capita consumption of minerals and
fuels; production of steel, aluminurn, and petro-
leum; exports and imports; scrap reclaimed;
production of plastics which are dependent
upon mineral and petrochemical raw materials;
and transportation requirements of the minerals
industry. See pages 8 to 14, inclusive.

The "Time Capsule" which follow 's printed
beneath graphs which show the interc..pendence
that exists between invention and industrial
development and the production of minerals.
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Figure 2 -U.S. annual production of principal raw m:n-
eral commodities in billion actual dollars, 1800-1975 (6,13).

TIME CAPSULE, 1776-1976

DiscoverieS, inventions, and developments that
had an impact of the economic and industrial
growth of the United States and other industrial
nations of the world are listed in a highly
selective and telegraphic style. No attempt has
been made to catalog the vast number of
discoveries, inventions, and developments that
occurred in the 1960's and 1970's.

Pre-Revolutionary Period

1621. The coal-fired blast furnace was used for iron
smelting in Great Britain.

1624. First wooden submarine was built by the Ditch and
operated successfully on the floor of the Thames-
/liver.

1627. Earliest record of oil in the United States near what
is now Cuba. N.Y.

1629. The steam jet turbine was described.
1634-74. Coal was noted in northern Illinois.
1648. A gas-turbine device consisting of a rotor driven by

hot rising gases in a cylinder was demonstrated in
Great Britain.

1661-81. Fiat use of black powder and hand drilling in a
pubItc.works tunnel in France

1684. First agricultural application of steam power in
Great Britain

1734. Positive and negative electric charges were recog-
nized

1735. Brandt discovered cobalt
1741. The centigrade temperature system was introduced

by Celsius of Sweden
1743. The water turbine was demonstrated
1745. 1 he Leyden far was inventcd to store electrical

charges

3 , )
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Figure 3 -Coal production in the United States in million tons, 1800-1975 (8,9)

1745. The first blast furnace was installed in- Great
Britain.

1747. Atmospheric eleincity,was discovered by Benjamin
Franklin.

1748 The first vial mine was opened near Richmond.
Va.

1751. Nickel was isolated by Axel Cronstedt of Sweden.
1752. The first lightning rod was installed by Benjamin

Franklin,
1754. Andreas Sigismund, of Germany, 'proved aluminum

to be a distinct earth metal.
1755. The first iron bridge was built in France
1763. The first record of anthracite in the United States
1764-79. Spinning machinery was developed in Great

Britain.
1766. A five-ton copper boulder was discovered in the

Lake Superior area
1767. The first castiron railway track was installed in

Great Britain.
1749. Anthracite coal was used in forges in Pennsylvania
1776. A self-propelled, steam-driven gun carriage was

constructed in France.
1771. Monne was discovered
1774. Chlorine was discovered.
1775-1801. Machine tools were developed in Great Brit-

ain.
1775. Natural gas was discovered in the Ohio Valley
1776. Cannons .vere cast at the furnaces at Warwick and

Reading, Pa.
1776. Anthracite was shipped to the Continental Ord-

nance at Carlisle, Pa
1777. The first iron boat was built in Great Britain
1778. The first duplicating machine similar to modern

offset printing equipment was invented in Great
Britain.

1779-1841. Catalytic action was discovered by Benehus of
Sweden

1779. The first rotating steam engine was built in Great
Britain.

1779. 1 he first factory machinery was driven by steam
power in Great Britain

1780. Iron making was established in every one of the 13
states.

1780. Native copper was mined at Santa Rita, N.M.
1781. Tungsten was identified by K.W Scheele of Swe-

der
1782. Tellunum was discovered by Muller von Richen-

ste n of Germany
1782. Hit lm isolated and named mlybdenum

Post-Revolutionary Period, 1783 to Date
1783. A process to prepare malleable platinum was pat-

ented in France
1785. First\ textile machinery driven by steam power in

Great Britain
1785. Coulomb. of France, formulated the law of electron

charges.
1789. Electrolysis was demonstrated in Holland
1789. Uranium was discovered by Klaproth of Germany
1789. Zirconium was discovered by Klaproth of Gennam
1790. Titanium was discovered by Gregor of Great Brit-

ain.
1790. The first commercial steamboat seas launched by

John Fitch on the Delaware River
1790. The first battery was made by Volta of Italy
1791. Galvani discovered the principle of bimetallic bat-

teries.
1791. John Barber patented the gas turbine in Great

Britain
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Figure 4.-U S mine production of gold in million ounces,
1840-1975 (6,8,11).

Time Capsule, 1776-1976'(Continued)

1793. Eli Whitney invented the cotton gin.
1793. Metric weights were introduced in France.
1794. Yttrium was discovered and named by Gadolin of

Sweden
1797. Beryllium was discovered by Vauquelin of France
1797. Chromium was isolated by Vauquelin of France.
1798. A reverberatory lead smelting furnace was installed

at Herplaneum near the Mississippi River.
1799. Electrotyping was discovered by Volta of Italy.
1800. The steam engine was used to operate a blast

furnace
1800. The electric battery was invented by Volta of Italy
1800. Electroplating was demonstrated in Germany
1801. Columbium was discovered by Charles Hatchett of

Great Britain
1801. Tantalum was discovered
1802. The dry battery was invented by George Beherns.
1802. The electric arc was discovered by Sir Humphrey

Davy of Great Britain
1803. The first pure platinum was produced by Wollas-

ton
1803. A steam locomotive was built in Great Britain
1804. Osmium and iridium were isolated and named by

S. Tenant
1804. The first steam-driven electric locomotive operated

in Wales, Great Britain
1804. Production of lead at Mine LaMotte (Missouri)

during the previous 81 years totaled 8,000 tons
1804. A steamboat in New Jersey was fitted with the first

screw propeller.
1807. Lithium was discovered by Arfvedsen of Sweden
1808. The first practical typewriter was built in Italy.
1809. The first steamboat operated in the open sea from

New York to Philadelphia Time required 13 days
1807. Davy discovered sodium by electrolysis.
1813. The first rock drill was invented.
1816. Baltimore, Md., was the first city in the United

States to light streets with manufactured gas.
1817. Selenium was discovered by Berzelius of Sweden
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Figure 5.-U.S. mine pi 1uction of silver in million
ounces, 1860 1975 (6,8,11)

1817. Cadmium was isolated and named by Strohmeyer
of Germany

18,17. First use of coke instead of charcoal for smelting at
Plumsock, Pa.

1819. The first steamship crossed the Atlantic Ocean,
from Savannah, Ga. to Liverpool, in 27 days. It was
a paddle-wheel ship.

1820. Ampere discovered the magnetic effect of electric-
ity.

1820. Oersted discovered the magnetic field around an
electric conductor

1820. The galvanometer was invented and named after
Galvani of Italy

1820. The electromagnet was discovered by Davis, of
Great Britain; also by Oersted of Denmark

1821. Michael Faraday, of Great Britain, demonstrated
the electric motor

1821. First natural gas well was drilled in Fredonia, N Y
1821. First natural gas was transported by hollow-log

pipeline from Fredonia, N.Y.
1822. Thomas Seebeck discovered the principle of ther-

moelectricity
1824. Berzelius, of Sweden, produced pure silicon and

pure metallic tirconium.
1824. Sadi Carnot discovered the basic. principle of ther-

modynamics in France.
1825. The first railroad locomotive was built at Hoboken,

N J.
1826. Olin's Law was formulated
1828. Thorium was discovered by Berzelnic of Sweden
1829. The electric transformer was invented by Joseph

Henry of United States.
1829. The first steam yacht was built in Great Britain. -

1830. Vanadium was discovered and named by Sefstrom
of Sweden.

1830. Compressed air was used for tunneling in Great
Britain.

1830. The steam hoist was developed
1830's. McCormick invented the reaper and the steam-

powered threshing machine This was the begin-
ning of the mechanized agricultural age.
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U.S. MINE PRODUCTION Of LEAD AND ZINC, 1110 -1975
OAS TUN

LEAD ZINC PRODUCTION
KO Ma WAR Mg

700

GOO

1160
1170
11110

1100
IWO
1910
1920
1930
1940

500 1950
1900
1970

400 1975

100

IS 6
171
95 7

167.11

347.5
3112.7

41/11.11

SU 3
457.4
420.1
244 7
671.6
1210

LEA

0S
54

25.1
12.7

123 9
324 4
557 S
535.4
N51
623.4
435 4
534.1
4120

r
1

14

\
I

ii \ II \\
i I

I I
II \ r

I i I'/

11160

\-

ammo Novo
Y S NOPOPPIMPO OP P141 OrbOOIIIIIIII

1920 1940 1115

Figure 6 -U S mine production of lead and zinc in
thousand tons, 1860-1975 (6,8,11)

1975

1831. The first commercial steam turbine was built in the
United State; by William Avery

1831. Faraday built the first electric generator
1831. The first electric dynamo was invented in France.
1832. The water turbine was developed in France
1832. The first railroad was built in the United, States.
1833. Thomas Davenport invented the electnc motor in

the United States
1833. Faraday suggested that the current is carried in an

electrolyte by ions
1833. Anthracite coal was used in metal production in the

United States -,
1834. The principle of semiconductors and transistors was

recognized
1835. Good gray forge iron was produced with coke.
1836. Daniell invented the wet cell.
1836. Joseph Henry Morse completed the first telegraphic
- device
1837. The first electric motor was patented in Vermont
1838. The induction coil was constructed by Grafton Page

in the United States
1839. A three-stage air compressor was patented.
1839. The first commercially successful photographic

process was introduced by Daguerre of France
1839. The first camera was marketed by Ciroux of.

France
1839. The first experimental electric locomotive was oper-

ated between Washington and Bladensburg.
1840. This date is regarded as the beginning of the Age

of Electricity because the numerous discovenes by
Galvani, Volta. Ampere, Ohm. Faraday, Franklin.
Henry and others .. -re put into practical use.

1841. Join A Roebling invented an improved method of
drawing wire and spinning cables for bndges and
hoisting

1842. Coking coal was discovered in Pennsylvania.
1843. The first telegram service was installed in Great

Britain
1843. By this time the railroad trackage installed en the

United States totaled 4,026 Thts increased to
93.262 males by 1880, 258,238 miles by 1924, and
354.000 milei by 1973
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Figure 7.-U.S. mane production of copper. and
aluminum metal production, 1860-1975 (6,8,I)).

1843. First steam shovel excavator operated in Great
Britain

1843. The first artificial fertilizers (superphosphates) were
sold in Great Britain.

1844. Artificial hydraulic cement was manufactured
1844. Ruthenium was named and discovered by, C Claus
1844. First prospecting rights for copper were issued in

the Upper Peninsula, Michigan.
1845. Raw bituminous coal was first used on blast fur-

' naces.
1845. Iron ore was discovered in the Lake Superior

district.
1845. Copper production started in Upper Michiga 1. By

1895 production from this area totaled 129.3 mil-
lion pounds.

1846. Forst rotary powered printing press installed in
Philadelphia

1846. -49. Gold was discovered in the Black Hills of South
Dakota, but not revealed by discoverers.

1847. first insulated electric cables were made in Great
Britain

1848. Flood lighting with electric arc lights was intro-
duced inGreat Britain

1848. The first oil refinery was established in Great
Britain.

1848. Discovery of gold in California,
1848. Gold was discovered by Russian mining engineers

on the Kenai River, Alaska.
1848. First iron ore was smelted successfully in the Lake

Supenor distnct
1849. The microscope was first used to study physical

metallurgy.
1849. The compressed air rock dnll was invented
1849. 1 he U.S. Department of the Interior was created.
1851. Overseas telegraph service by submarine cable was

initiated in Great detain.
1851. The first domestic sewing machine was manufac-

tured in the United States by Singer The first
electrically driven machine was made in 1889,'

I852. Gold was discovered in the Deer Lodge County
area of Montana.

1853. The rotary cultivator was introduced.
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Time Capsule, 1776-1976 (Continued)

1855. The first practical computer was built in Sweden
1856. Synthetic coal tar dyes were developed.
18$6. Michael Faraday produced the first aluminum elec.

trolyucally
1857-71. Rail-mounted dril! carriages, hydraulic-ram air

compressors, and compressed air drills were used to
drive the Mont Cenis tunnel in the Alps.

1857. The compressed air rock drill was developed in
France.

1858. Atomic weights were pioneered by S. Canenzarro
of Italy.

1858. The Comstock Lode was discovered in Nevada.
1859. Coking coal was used to smelt iron ore in Puts-

burgh.
The cathode ray tube was discovered
Designated as the birth of Colorado's mining indus-
try. Cold was discovered at Clear Creek.

1839. Oil was discovered at Titusville, Pa. The first oil
well was drilled.

1859.40. Intensive prospecting was tarried on in the
Colorado Rockies.

1860. Cold rolling of steel was developed at Pittsburgh.
1860. Cesium was discovered by Kirchhdff of Germany.
1860. An expedition was organized in San Francisco to

prospect for gold in the Southwest. Gold was
discovered near Pinos Altos, N.M.

1860. The first oil refinery was built near Titusville, Pa.
1860. Sir Henry Bessemer invented the Bessemer steel-

making process in Great Britain.
1860. First synthetic rubber was made.
1860. The first internal combustion engine was produced

commercially in Italy.
1860's. The dry cell battery was developed.
1860-70. Extensive prospecting in the Southwest resulted

in numerous mining operations and prospects in
Arizona and New Mexico.
Leadville, Colorado, was established.
Rubidium was discovered by R.W. Bunsen of ger-
many.
About 5,000 prospectors were active on the South
Fork of the Clearwater River in Idal,o. By 1962 the
number in the general area incjiased to about
20,000.

1861. Artificial refrigeration was demonstrated in Aus-
tralia.

1862. Thallium was discovered by Sir William Crooke! of
Great Britain.

1863. Natural gas was used LA industrial purposes at East
Liverpool, Ohio

1863. Angstrom developed the Angstrom unit to measure
spectrum lines.

1863. The first self - propelled submarine was launched in
France.

1863. The first motor car was driven by an internal
combustion engine by Lenoir of Belgium.

1863. Reich and Richter isolated and named indium in

1860.
1861.

1861.

1864.

1864.
1864.
1864.

1864.

Germany. -

First lode claims for silver were located at Butte,
Montana. In 1878, the output of gold and silver in
the area was valued at $1 2-million.
Bacteria- discovered by Pasteur in France.
The open-hearth furnace was developed in France
The St. Joseph Lead Co was organized to mine
and smelt Iced in Missouri.
Gold-lead-aver mining started in the area of Utah
near Salt Lake City
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1865. The railroad tank car was developed to transport
crude oil

1865. The- first company to distribute, natural gas was
Formed at Fredonia, N

1865. The first oil pipeline was laid to transport oil 5
miles from Pithole On to the Oil Creek Railroad in
Penns ylvania

1866. The first thermosplastic material was made from
nitrocellulose by Alexander Parkesof Great Britain

1866. The first radio signalling system was operated in
the United States

1866. The Atlantic cable was installed
1866. The first mining law applied to lode claims was

passed
1867. Helium was discovered
1867. Dynamite was invented by Alfred Nobel
1867. United States purchased Alaska from Russia.
1867. The tubular boder was 'merited by Babcock and

Wilcox.
1867. The first barbed wire was made in Ohio
1868. First shipment of copper from Bingham Canyon,

Utah
1868. Gold production at Virginia Otv. Mont , totaled

about $30 million
1869. First diamond drill brought to Bonne Terre, Mo.,

from France
1869. Mendeleev published the periodic table
1869. The first transcontinental railroad was completed in

the United States
1869. Electrolytic refiLing was installed at South Wales,

Great Britain
1870. The Standard Oil Company of Ohio was formed by

John 1) Rockefeller and cISSIK Icitt%
1870's. The magnetohydrodynamu principle of generat-

ing electricity was re( ognized
1870's. The thermoelectric principle of generating elec-

tncity was discu -ed
1871. Ingersoll Rand need the rock drill
'5172. First mining law pertaining to plater claims was

passed
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1872. The Mining l.aw of 1872 also specified local
recording of claims, required assesrment work.
spec died how surface boundaries were to be estab-
lished, and granted apex rights.

1873. The zinc-mercury battery t.as developed
1973. 1 he effect of light on the selenium cell was

disc vered
1973. The hnotyp was introduced
1974. General Custer reports presence of gold in the

Black Hills of South Dakota
1974. The phase rule of metallurgy was formulated Li

Willard Gibbs
1973. Gallium was first isolated by De Boisbaudran of

Frtru e
1875. The «mtinuoto compressed air brake was invented

by George Westinghouse
1975. The first battery-powered dental drill was operated
1975-85. First principles of modern petroleum engineer-

ing and geology were established by the Pennsylva-
nia Cc/logical SUn CV

1976. Scandium way discovered hy Lars Nilson of Swe-
den

1976. The telephone was demonstrated by Alexander
(.ra ,am Bell

1876. The Homestake mine was located in the Black
Hills, S The Homestake Mining Co was organ-
ized in the following year

1876. liquid oxygen was produced in Switzerland
1876. The gasoline engine was deyel ,ed in Germany
1877. The smelter was built at Leadvi::, Colo
1877. The copper wealth near Bisbee, Art% , was discov-

ered
.878. The first practical electric furnace was installed in

(;n-at Britain
1848. 'the Crooke s tiilR was invented hy Sir William in

(:r tt Brit
1879. Thomas Edison discovered the thermionic electric

generating prim pie
1978. Ytterbium was disc
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Figure 10 -U.S. marketed on Auction of natural gas in .
billion cubic feet, 1900-4975 (8,9).

1878. Thulium was discovered
1879. Radiotelegraphy.was demonstra .d in Great Britain
1879. Thomas A Edison invented the incandescent lamp.
1879. The U.S Geological Survey was e-ialahshed
1879-83. Numerous gold mining claims and plospects

were operated in the Coeur d'Alene district of
Idaho.

1979. First major oil pipeline was completed. 110 miles
from Pithole City to Williamsport, Pa

1880. Gold was discovered at Cripple Creek. Colo . by
Robert Womack.

1880. A tunnel was bored with a pneumatic tunneler in
Great Britain.

1980. The first electric passenger elevator w Aerated in
Germany.

1880. The hydraulic rock drill was Introduced
1881. The generatton of alternating current was patented

in Europe by French and British inventors.
1881. The spindle-type cotton picking machine was in-

vented by Angus Campbell
1981. The Anaconda Silver Mining Co was organized in

the Butte area.
1881. The first hydroelectric power station was operated

in Surrey, England.
1831. First incandescent street lights were Installed in

Great Britain.
1882. The first central station to supply electric power

was installed in London, England A second was
installed in New York City. Both were built by
Thomas A. Edison.

1882. A steel ocean liner was constructed in Great Shim
1883. The first application of cryogenics was reported.
1883-87. Svamte Anhenius, of Sweden, worked out the

quantitative theory of ionization
1883. The anticlinal theory for oil accumulation was

confirmed by drilling.
1884. Sir Charles Parson built the multiple -stage steam

turbine in Great Britain.
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? ROLE OF MINERALS IN THE U.S. ECONOMY
(ESTI?. ATE; VALUES FOR 1975
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WELTING.
REFINING.
AND PRIMO./
GENERATION AND
TRANSMISSION

ENERGY AND
PROCESSED MATI,RIALS
OF MINERAL 0 tIN

LS. E LECTRIC, v.
STEEL , ALUMINUM,
COPPER. OTHER METALS
ERICK. GLASS, CEMENT
CHEMICALS, PLASTICS
PRTILIZERS, ETC

VALUE
$270 BILLION

1.60.1040111"*Wliefieweeln
RECLAIMING

DOMESTIC RECLAIMED; &
METALS SI MINERAL : RECYCLING
MATERIALS' I INDUSTRIES.

hese SCRAP IRON. GLASS I..
ETC' 2

tcRAP DEALERS

VALUE OF I: E

TC

2
OLD $CMP i
$3 BILLION '1

eMilebNOMMOON10,01111 OOOOO

BUREAU -../F MINES, U.S. DEPARTMENT OF THE
INTERIOR (Based in part on U.S. Department of Commerce data)

Figure 17.-The rule of minerals in the U S

Time Capsule, 1776 -1976 (Continued)

1885. W.A Cla:k opened the United Verde mine in
Arizona

1885. petroleum cracking was developed in the United
States.

1885. The Bunker Hill mine was discovered in Idaho.
1885. The first film motion picture images were pro-

duced in France by Le P nce He applied for a
U S patent in 1886.

141.85. The first motorcycle was patented in Germany
2885. Eastman invented a machine to make photgraphic

paper in rolls
1886. Westinghouse cemonstrated thQ practicability of

alternating current energy in Massachusetts.
188F. Hall. of Unite-. States, and Heroult, of Frame,

discovered the electrometallurgical process of pro-
ducing aluminum independently

i886. The linotype A'as used to set type for the New York
Tribune.

1886. Win...et. of Germany. isolated and named germa-
nium

1887. Th.- Bunker Hill and Sullivan Mining & Concen-
trating CO. was organized in Idaho

IMPORTS INTO U S
OF ENERGY AND
PROCESSED
MATERIALS OF
MINERAL ORIGIN

FUEL OIL,
STEEL ALUMINUM,
CHEINCA..1 ETC

VALUE
$111 BILLION

U.S. ECONOMY
GROSS
NATIONAL
PRODUCT:
$141111111WON

4

U S. sm. S 1
WASTE MATERIALS1

ssS

EALAuvuALUMINUMeauosCzOrER
IRON STEEL

LEAD ZINC
GLASS ERICK ETC

3 lar
EXPORTS FROM U S
OF MINERAL RAW
MATERIALS, ENERGY.
AND PROCESSED
MATERIALS OF
MINERAL ORIGIN

COAL MIX v SDENum
CHEMICALS STEEL
FERTILIZERS ETC

VALUE
AI BILLION

economy based on esomated values for 1975 (13).

1887. The first electric heater was patented
1887. Steel was first used in ptprlin'es.
1888. The principle of radar was discovered
1888. Manganese steel was produced by Robert Hadfield
1889. The Felton water turbine was patented in the

United States.
1889. An electric oven was built in Switzerland
1890. Gold strike at Cripple Creek. Colorado
1890'8. The electrochemical process was developed in the

United States
1890'8. Marconi developed first radio sending equipment
1890. First petrol-driven mo-or boat was built in Ger-

many.
1890. The first compression-ignition engine- was devel-

oped commercially by Akroyd-Horns: v in Great
Britain

1890. The aluminum saucepan was mannfaetured
1891. The first high-pressure, long-distame pipeline was

installed to transport oil 120 miles from Greenunvn.
Ind to Chicago. Ill

1891. Motion pictures were demonstrated publu ly in
West Orange. N J

1892. First concrete rold was built in Ohio
1892. First 'mg-distance telephone call «npleted from

New York to Chicago

cJ )
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ABOUT 40;000 POUNDS OF NEW MINERAL
MATERIALS ARE NOW REQUIRED ANNUALLY

FOR EACH U.S. CITIZEN
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U.S. TOTAL USE OF NEW MINERAL SUPPLIES IN 1175 WAS

ABOUT 4 MILLION TONS I
BUREAU OF MINES U S DEPARTMENT OF THE INTERIOR

Figure 12 -Per capita mineral consumption in the United
States in pounds for 1975 (13)

1892. First gasoline-powered automobile was built in the
L ;wed States

1892. The at- lei engine was patented
1894. Argon was i:istosered
1894. G J S oley proposed the name -electron for

lityauve electrcal charges
1894. Th first practicable method of radio communica-

tioi s was developed Is, Marconi of Italy
1894. The first oilfield was developed near Santa Bar-

bara Calif
1894. Kercsine was exported to China hs Standard Oil

(o
1894-97. Thompson demonstrated

tht2tathode-ras tube
1895. The Anaconda company was reorganized to form

the Anaconda Copper Mining Co
1895. The first regular motorbus passenger service was

started in Germany
1895. iirst pneumatic motor car tires w ere made bs

Michelin of franc e
1895. The Baltimore :rid Ohio Railroad started the first

electric mainline service
1895. The lust four delivery wagons, powered with

imported Akroys-Hornsbv engines, were built in
Brooklyn, N V

1896. Daimler built the first motor truck in Germany
1896. Becquerel. of France, discovered radioactivity
1897. Thomson of Great Britain. discovered the electron
1898. Viscose tayon' was made in Great Britain
1898. 33,000 gold seekers invaded the Klondike area of

Alaska
1898. Radium was discovered by Marie and Pierre Curie

of France
1899. The electric an furna«e was operated in France
1899. The spark plug was manufactured is Great Britain
1899, Actinium was discovered in France

the printiple of

WORLD STEEL PRODUCTION

El 00611 ST IC

TONS)

Mitt /ON
III in/ 0/ 1,01130

BUREAU OF MINES U S DEPARTMENT OF THE INTERIOR

Figure 13 -Trends in steel production in the United
States and other producing areas, 1950-1975 (13)

1900. The axial-flow gas turbine was introduced commer-
cially

1900. 'The electric car starter was mane "attured in Great
Britain

1900. Marketed production of natural gas totaled 127
billion cubic feet By 1975 this total was 24,700
billion cubic feet

1900. GAMIC rays were Investigated
1901. Solar ,!nergy was used to power a steam engine
1901. A discovery well at Spindletop near Beaumont,

Texas, initiated the first salt dome production of
oil

1901. Motor o I was marketed by Mobil oil Co
1901. First ase of rotary drilling equipment a Spindletop

oilfield in Texas
1902. The first satisfactory coal face conveyor was iq

in the United States
1902. The agricultural tractor was demonstrated in Great

Britain
1902. The electrical rectifier was discovered by Peter

Cooper-Hewitt in the United States
1902. The first all-metal car body of aluminum was

manufactured in Great Britain
1903. The Utah Copper Company was organized Copper

production started in 1907
1903. Orville and Wilbur Wright made the first heavier-

than-air flight at Kitty Hawk. N C

0'0
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U.S. PRODUCTION IN RELATION

TO THE REST OF THE WORLD

1975

1950

----------
REFINED

PE MOLEura

1950

1975

URFAU OF PANES US [APARTMENT OF FlIc -41(111OR 1975

Figure 14 -U.S and rest-of-world production of steel,
aluminum, and petroleum, 1950 arid :975 (13)

Time Capsule, 1776-1976 (Continued)

1903. A 5,000-kw steam turbine was installed to generate
electricity

1903. The first commercial plant to process natural gas
SS AS installed at Sistersvilie, W Va

1904. Italian engineers drilled a steam well to operate a
small turbine.

1904. The first electronic vacuum tube was made
1904. The first steam-p. ered tractor crawler was oper-

ated in California
1904. The first mass-produced motor car (more than It)

per week) was produced by Olds of Detroit
1905. Einstein first propagated the theory of relativity
1905. The first gasoline pump was installed at Ft Wd%

Ind.
1906. The first radio broadcast was conducted at Bi ant

Itcx k, Mass
1906. The first pneumatic tires were used on aircraft in a

test flight in France
1906-07, First aircraft were manufactured in France and

Great Britain
1906. 1 he first electrically, operated loudspeaker was

developed in New York
1907. Household detergents were manufactured in Ger-

many
1907, 1k Forest 'mewed the Vacuum tube in the ('noted

States
1908. A diesel-powered submarine was lamn bed in (,neat

Britain

1908. First discovery of oil in the Middle East area, in
Iran.

1909. The first military aircraft used in the United States
1909. Bakelite was invented in Belgium.
1909. The first natural gas processing plant west of the

Mississippi River was installed in Oklahoma.
1910. Neon lighting was developed in Fran.e
1910. The Bureau of Mines, U S DepYtment of the

Interior, was established.
1910. First onshore dnIling for oil in water in Louisiana
1911. First airmail flown in India 6,000 letters, 5 miles.
1911. E Rutherford demonstrated that the positive

charge of an atom is concentrated in the nucleus.
1911. First successful use of flotation in the United States

on zinc-lead ore at Butte, Montana
1911-12. Vitamins were discovered
1912. First diesel locomotive was built in Switzerland.
1912. The first stainless steel was cast in Great Britain
1912. X-ray analysis of minerals was demonstrated.
1913. First electric refrigerator for domestic use was

manufactured in Chicago.
1913. Niels Bohr; of Denmark, solved the problem of the

hydrogen atom.
1913. The first bomber aircraft was built in Great Britain
1913. The first diesel-electric railcar was operated in

Sweden.
1913. The thermal cracking process was patented to

increase yield and quality of gasoline from petro-
leum.

1913. The first public address system was user! in Okla-
hom

191.. The 0rsi passenger service airline started in the
United States, from St. Petersburg to Tampa, Fla.

1914. Assembly-line production was started on the Model
T by Henry Ford

1915. Low-cost, high-tonnage gold mining started at Ju-
neau, Alaska.

1915. Inspiration Consolidated Copper Co built a 14,400
tpd mill to treat ore by flotation

1916. First nitrogen fertilizer manufacture in Great Brit-
ain.

1918. The nation's largest gas field was discovered in the
Texas Panhandle

1918. The first fully-automatic oil burner was installed.
1919. The transmutation of elements was achieved by Sir

Ernest Rutherford.
1920. The Mineral Leasing Act of 1920 was passed by

Congress
1922. Tetraethyl lead was developed for the internal

cc mbustion engine
1922. First use of geophysical instruments for oil explora

Lion
1923. Mechanical mat loading equipment was installed to

replace hand loading
1923. Hafnium was discovered.
1923. The first successful television unit was built
1923. The first cross - continent flight was made nonstop

in the United States Flying time was 27 hours
1923. The first continuous hot-sheet rolling mill was

operated in Ashland, Ky
1994. The first round-the-world flight was completed by

U S pilots, 57 stops
1925. Rhenium was detected in platinum ores
1925. The Society for Space Travel was organized in

Germany, giving impetus to the development of
tot keys, including the V-2. in 1932-37

1925. Petroleum was made s)yothetual4 from coal in
F urope

1925. 1 he first commercial diesel- electric locomotive was
built

1926. The selenium rectifier was introduled
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U.S. IMPORTS AND EXPORTS OF RAW
AND PROCESSED MINERALS
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Figure 15.Imports and exports of raw and processed materials in the United States for 1974 and 1975 (. 7).

1927. The first low-definition image was sent by an
electronic television system by Farnsworth in Los
Angeles

1927. The transatlantic telephone service was started
from London to New York City.

1928. The first telesion receiver was produced commer-
cially by the Daven Corp. of New Jersey.

1929. First magnetic tape recorder was built in Germany
1929. Electric logging equipment was first aced in oil

wells.
1930. Wrought iron was produced by a continuous proc-

ess in Pennsylvania
1930's. The tungsten carbide bit was developed in Ger-

many.

35.J
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IMPORTS SUPPLIED SIGNIFICANT PERCENTAGE OF

MINERALS AND METALS CONSUMPTION IN 1975
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Figure I6.Percentage of minerals and metals consumption supplied by U S. imports in

Time Capsule, 1776-1976 (Continued)
1930. The largest U.S. oilfield was discosered in East

Texas.
1931. Artificial rubber, neoprene, was produced in the

United States.
1932. The first fission of the nucleus of the atom was

achieved by John Cockroft
1413. The first radar equipment was developed in Ger-

many.
1933. The first sok, round-the- sorid flight was ci mpleted

by Wiley Post of the United States

1975 (13).

1935. The first ship was fitted with radar in Germany.
1936. Fluorescent lighting was introduced by General

Electric.
1937. The flying boat was inaugurated by British Impe-

rial Airways: Ltd.
1937. Nylon was developed by DuPont
1937. Catalytic cracking was introduced in the U.S petro-

leum industry
1938. Underground coal was gasified commercially in

Russia
1938. The first offshore field was developed in Louisiana.

3 (;()
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Figure 17.-Old scrap recovered in the United States as
percent of consumption. 1975 (13).

1939. Nuclear fission was demonstrated in Germany by
Prof. Otto Hahn.

1939. E.O. Lawrence was awarded the Nobel Prize for
development of the cyclotron

1939. The first turbojet flight was made in Germany
1939. The first transatlantic airline service started by

Pan American Airways.
1939. Polythene was manufactured in Great Britain.
1940. The first four-wheel drive Jeep was built for the

US Army.
1942. Fermi and coworkers produced the first man-made

chain reaction at the University of Chicago.
1942. The Loran navigation system was developed in

Great Britzin.
1942. The :,rst pure compound of plutonium was pre-

pared at the University of California
1943. Taconite ore was successfully tratecl by E Davis

in Minnesota.
1945. The first atomic bomb was exploded in the United

States.
1946. The ENIAC, first electronic computer. was installed

by the U.S. Ordnance. It weighed 30 tons and
contained 18,000 vacuum tubes and 1,500 relays

1946. The Bureau of Land Management was formed out
of the General Land Office and the Grazing
Service

1946. The first all-electric digital computer was operated
at Pennsylvania University.

1946. United Nations established an Atomic Energy Com-
mission

1947. The modern scintillation counter was introduced to
detect and measure radioactivity.

1947. The first offshore well out of sight of land was
drilled off the Louisiana Coast.

1947. The Mineral Leasing Act for Acquired Lands was
passed.

1947. The transistor was invented Beginning of the use
of solid state devices in the electncal field.

1947. The microwave oven was built by It4ytheon

OLD SCRAP RECLAIMED IN THE U.S. (1975)
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Figure I8.-U.S. supplies of plastic are heavily dependent
upon petrochemicals and other minerals (13)

194P. The Germanium rectifier was announced in the
United States

1949. The discovery of uranium Ore at Haystack Butte,
N.M., triggered the uranium rush, the largest
prospecting boom in the history of the United
States.

1950's. Extensive work on the research and development
of magnetohydrodynamic (MHD) power generation
was started in the United States Similar work was
undertaken ir. Russia and japan.

1950. The Xerox duplicating machine was manufactured
1051. The electronic computer was manufactured.
1951. The first hydrogen bomb was tested in New

Mexico.
1951. Sir J.D. Cockcroft and E T Walton were awarded

the Nobel Prize in Physics for transtrqation of the
atomic nucleus.

1952. Jet aircraft was introduced in Great Britain
1952. The United States exploded the first hydrogen

bomb at Eniwetok Atoll in the Pacific Ocean
1953. The first turbo -prop aircraft was put in sersice in

Great Britain
1953. Underground coal was gasified in Alabama
1953. Russia exploded an experimental hydrogen bomb
1954. The first soft-ground boring machine (mole) was

used.
1954. High-voltage direct-current power transmission (20

megawatts) was installed in Sweden
1954. The basic oxygen furnace (BM') was introduced in

the United States
1954. The first nuclear-powered submarine. the Nautilus.

was built at Groton, Mass. It traseled 69,1'38 miles
on the first fueling

1954. The second and third hydrogen bombs were ex-
ploded at Eniwetok Atoll

1954. The first atomic power station (5,000 KW) was
established near Obninsk, Russia

361
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U.S. WATERSCAPE EXPORTS ISM 717 MILLION TONS

1958. Transatlantic let service was started.
1959. Russia laurt bed the first spacecraft (the Luna 11) to

land on the Moon
1960's. The reversible pump turbine was developed for

pumped-storage power generation.
1960. A 12 5 megawatt geothermal steam plant delivered

power in the United States By 1975 installed
capacity for geothermal power was 600 megawatts.

1960. The first nuclear-powered aircraft carrier was

Au 01411118411411111TSw / trA"ft' moar / /Z

launched in the United States.
1961. The first successful manned space flight was com-

pleted in Russia by Gagartn.
1962. The first television communications satellite wa.,

launched in the United States.
1962. The first interplanetary space shot, the Mariner II

was launched in the United States.
1963. A 60.9-megawatt liquid-metal, fast-breeder reactor

was operated in Michigan
1964. The Public Land Law Review Commission was

established Its report of recommendations was
released in 1970.

1966. Five research teams investigated electrogasdynamtc

mom= WATENDORNE COMMENCE 1474 MS MILLION TONS

Orfaal
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11.10Wq
OOP
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//7/
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Figure 19 -Tonnages of minerals transported by rail and
water, including imports and exports, 1979 (13)

Time Capenle, 1776-1476 (Continued)

1955. The Multiple Surface Use Act was passed by
Congress.

1955. The first Hovercraft was developed in Suffolk,
Great Britain

1956. The first large-scale (90,001) KW) atomic plower
station was completed at Calder Hall, Great Britain

1956. The neutrino atomic particle was detected
1957. The Wankel rotary engine was designed in Ger-

many
1957. The first commercial atomic power plant was built

at Shippmgport, Pa
1957. 1 he portable electric typewriter was marketed
1957. The first manned spaceflight was attempted by

ledovski. of Russia, but it was unsuccessful
1957. Sputnik I was launched by Russia Tht beginning

of the space race

(EGD) power generation methods in the United
States

1967. A high-temperature, gas-cooled reactor (HTGR)
began operations at the Peach Bottom plant in
Pennsylvania

1967. A team of 23 natural gas utilities undertook a $20
million research program to develop a natural gas
fuel cell

1969. The landing of Ned Armstrong and Edwin Aldnn
of the Apollo XI spacecraft on the Moon was
televised to the Earth

1970. The first sur..rsonic aircraft to fly was developed in
Russia.

1970. The 'list extra high voltage (EHVC) direct current
installation (900 kilovolts) was placed in service
from northern Oregon to southern California

1970. A 275-mile pipeline to deliver coal from Black
Mesa, Ancona, to the Mohave power plant in
California was completed at a cost of $35 million.

1970's. Soviet engineers operated the first open-cycle
magnetohydrodynmanic power plant with an ap-
preciable output

1972. Landsat-I, formerly called ERTS-I, was launched
in the United States to transmit satellite imagery to
the Earth.

1973. The Arab oil embargo was imposed on the United
States

1974, CAnistruction started on a unique 48 -inch. 600-*mile
pipeline from Prudhoe Bay to Valdez, Alaska.

1974. Federal lands were opened to the development of
geothermal power

1975. 1 he Ocean Mining Administration was established
by the United States.

)iccause of lack of spate. the foregoing hronologv
feathers out with wine important fuel and energy devel-
opments --the must important commodity of the modern
e(0111 /Mel
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ORGANIZATION, DEFINITIONS, AND .i'vfETHODOLOGY OF
MINERAL FACTS AND PROBLEMS COMMODITY CHAPTERS

Basic Outline of the Commmodity Chapters

Commodity chapters are structured to follow
the same general outline with additions or
deletion of topics as may be necessary for
specialized commodities. The general outline is
as follows:

Indubtry structure
Background
Size and organization
Geographic distribution
U.S. and world productive capacity,

1973, 1974, and 1980.
Reserves and resources

U.S. and world, including table
Geology

Uses
Technology

Exploration and development
Mining
Processing
Products for trade and industry
Current research and applications

Supply-demand relationship
Components of supply

Mine production
Imports of ore and concentrates
Imports of metal or refined prod-

ucts
Stocks
Old scrap

U.S. and world production
U.S. and world consumption
World trade
Secondary sources or recycling
Substitutes

Byproducts and coproducts
Strategic considerations
Economic factors and problems
Operating factors and problems
Out lelk

Demand
Forecasts for 1985 and 2000
Contingency forecasts, 1985 and

2000
End-use trend
Cumulative requirements to 2000

Supply
U.S. and world resources
Forecast production for United

States to 1985 and 2000
20-year trend projection
Contingency-type forecast

Possible supply-demand changes
Possible technological progress

Sources of current information
U.S. Bureau of Mines publications
Other sources

Mineral Resource Classification System (18)

Unless otherwise specified, the following min-
eral resources classification system of the Bureau
of Mines and the U.S. Geological Survey as
published in Geological Survey Bulletin 1450A
was used in the "Reserves-Resources" sections of
the commodity chapters:

GENERAL DEFINITION OF MINERAL AND
ENERGY RESOURCES

The dictionary definition of resource "some-
thing in reserve or ready if needed" has been
extended for mineral and energy resources to
comprise all materials surmised to exist having
present or future values. In geologic terms a
mineral or energy resource is a concentration of
naturally occurring solid, liquid, or gaseous
materials in or on the Earth's crust in such form
that economic extraction of a commodity is
currently or potentially feasible. Material classi-
fied as a reserve is that portion of an identified
resource producible at a profit at the time of
classification.

Total Resources are materials that have pres-
ent or future value and comprise identified or
known materials plus those not yet identified,
but which on the basis of geologic evidence are
presumed to exist.

PHILOSOPHIC BASIS FOR A RESOURCE
CLASSIFICATION

Public attention usually is focused on current
economic availability of mineral or energy mate-
rials (reserves). Long -term public and commer-
cial planning, however, must be based on the
probability of geologic identification of resources
in as yet undiscovered deposits and of technol-
ogic development of economic extraction proc-
esses for presently unworkable deposits. Thus,
all the components of Total Resources must be
continuously reassessed in ;he light of new
geologic knowledge, of progress in science, and
of shifts in economic and political conditions.

Another requirement of long-term planning is
the eighing of total or multi-commodity re-
source availability against a particular need. To
achieve this the general classification system
must be uniformly applicable to all commodities

36 3
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CLASSIFICATION OF RESOURCES

TOTAL RESOURCES

IDENTIFIED

0
0

MUMMER I INDICATES WERNER

RESERVE
BASE

1

I

UNDISCOVERED

IMITNITICAL SPICIILATWI
DIN KNOWN (111 IIIIIHSCIIVESIO
BISTRICTS) BISTRICTRI

I I

INCREASING DEGREE OF

GEOLOGIC ASSURANCE

MINCE 1111111111 Of MINIS

Figs 20 Classificatton of resources as published in U.S. Geological Survey Bulletin 1450A (18)

so that data for alternate or substitute commodi-
ties can be compared.

To serve these planning purposes Total Re-
sources are classified both in terms of economic
feasibility and of the degree of geologic assur-
ance. The factors involved are incorporated an
figure 20 to provide a graphic classification of
Total Resources.

General guides for the ust of this classification
system are as follows:

I. Resource categories and definitions in the
classification, as specified in the glossary, should
be applicable to all naturally occurring concen-
trations of metals, nonmetals, and fossil fuels.
The categories may be subdivided for special
purposes.

2. Definitions may be amplified, where neces-
sary, to make them more precise and conforma-
ble with accepted usage for particular commodi-
ties or types of resource evaluations.

3. Quantities and qualities may be expressed
in a variety of terms and units to suit different
purposes, but must be clearly stated and de-
fined.

GLOSSARY OF RESOURCE TERMS

Resource.A concentration of naturally occur-
ring solid, liquid, or gaseous materials in or
on the Earth's crust in such form that
economic extraction' of a commodity is
currently or potentially feasible.

Identified resources.Specific bodies of min-
eral-bearing material whose location, quality,
and quantity are known from geologic evi-
dence supported by engineering measure-
ments with respect to the demonstrated
category.

Undiscovered resources.Unspecified bodies of
mineral-bearing material surmised to exist
on the basis of broad geologic knowledge
and theory.

Reserve.That portion of the identified re-
source from which a usable mi :eral and
energy commodity can be economically and
legally extracted at the time of determina-
tion. The term ore is wed for reserves of
some minerals.

3 6,4



INTRODUCTION TO MINERAL FACTS AND PROBLEMS 345

The following definitions for measured, indi-
cated, and inferred are applicable to both the
Reserve and Identified- Subeconomic resource
components.'
Measured.Reserves or resources for which

tonnage is computed from dimensions re-
vealed in outcrops, trenches, workings, and
drill holes and for which the grade is
computed from the results of detailed sam-
pling. The sites for inspection, sampling,
and measurement are spaced so closely and
the geologic character is so well defined that
size, shape, and mineral content are well
established. The computed tonnage avid
grade are judged to be accurate within
limits which are stated, and no such limit is
judged to be different from the computed
tonnage or grade by more than 20 percent.

Indicated.Reserves or resources for which
tonnage and grade are computed partly
from specific measurements, samples, or
production data and partly from projection
for a reasonable distance on geologic evi-
dence. The sites available for inspection,
measurement, and sampling are too widely
or otherwise inappropriately spaced to per-
mit the mineral bodies to be outlined com-
pletely or the grade established throughout.

Demonstrated. A collective term for the sum
of measured and indicated reserves or re-
sources.

Inferred.Reserves or resources for which
quantitative estimates are based largely on
broad knowledge of the geologic character
of the deposit and for which there are few,
if any, samples or measurements. The esti-
mates are based on an assumed continuity
or repetition, of which there is geologic
evidence; this evidence may include com-
parison with deposits of similar type. Bodies
that are completely concealed may be in-
duded if there is specific geologic evidence
of their presence. Estimates of inferred
reserves or resources should include a state-
ment of the specific limits within which the
inferred material may lie.

Identified-Subeconomic.Resources that are
not Reserves, but may become so as a result
of changes in economic and legal condi-
tions.

' The terms proved, probable, and possible (used by the industry and
economic evaluations of ore in specific deposits or districts) commonly have
been used loosely and interchangeably with the terms measured, indicated, or
inferred hoed by the Department sat the Interior mainly for regional or
national elluntales1 The terms 'relived' and 'measured' are essentially
synotrynsits The terms "probable and possible,- however, are not Insony
mous with 'indicated" and 'inferred' Probable' and 'possible" describe
estonetes of partly sampled depositsin some definitions for example
"probable is used t o deernbe deposits sampled on two or three sides. and
-potable' for deposits sampled only I on side in the Bureau Survey
defimbone. both would be desrnbed by the term 'indicated

Paramarginal.The portion of Subeconomic
Resources that (1) borders on being eco-
nomically producible or (2) is not commer-
cially available solely because of legal or
political circumstances.

Submarginal.The portion of Subeconomic Re-
sources which would require a substantially
higher price (more than 1.5 times the price
at the time of determination) or a major
cost-reducing advance in technology.

Hypothetical resources.Undiscovered re-
sources that may reasonably be expected to
exist in a known mining district under
known geologic conditions. Explorathn that
confirms their existence and reveals quan-
tity and quality will permit their reclassifica-
tion as a Reserve or Identified-Subeconomic
resource.

Speculative resources. Undiscovered resources
that may occur either in known types of
deposits in a favorable geologic setting
where no discoveries have been made, or in
as yet unknown types of deposits that
remain to be recognized. Exploration that
confirms their existence and reveals quan-
tity and quality will permit their reclassifica-
tion as Reserves or Identified-Subeconomic
resources.

AREAS OF RESPONSIBILITY AND
OPERATIONAL PROCEDURES

U.S. Bureau of Mines.The Bureau appraises,
analyzes, and publishes reserve estimates
from base data supplied by the mineral and
energy materials industry, the U.S. Geologi-
cal Survey, and other governmental agen-
cies. The Bureau judges commodity re-
coverability on existing economic and legal
factors,

U.S. Geological Survey.The Survey appraises,
analyzes, and publishes estimates of Total
Resources. It reports such measurable pa-
rameters of significance to resource evalua-
tion as location, quality, quantity, and situa-
tion of Identified resources.

Annual Resource Summation.The U.S. Bu-
reau of Mines and U.S. Geological Survey
will confer and agree annually on estimates
in all of the resource categories defined
above. These data will be in Bureau or
Survey publications and will be available for
inclusion in the Secretary's Annual Report
required by the Mining and Minerals Policy
Act of 1970.

Ad Hoc Joint Conferences.The Directors will
convene ad hoc joint work groups to resolve
problems in the resource area.
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Figure 21.U.S. population and civilian labor torte in
million persons, 1954-2000 (7,20).

FORECASTING METHODS

Since 1967, the Bureau of Mines has devel-
oped and improved a method of forecasting
U.S. demand for minerals based on contingency
analyses of end uses of each mineral commodity.
The current method of forecasting involves
three phases of analysis:

1. Quantitative.
2. Qualitative.
3. Probabilistic.

The Data Base

The data base for forecasts and long-term
analysis concludes with 1973, the last year for
which relatively complete worldwide data were
available. The year 1973 is also significant in
that both U.S. steel production and energy use
reached peaks during that year. The use of
many other materials is related closely to steel
production. U.S. economic indicators and prices
are expressed in terms of constant 1973 dollars.
Chapter discussions, however, include the latest
data information available at the time of final
writing.

The Division of Economic Analysis of the
Bureau (DEA) supplied basic data for the fol-
lowing economic indicators:

U.S. Population and Civilian Labor Force, 1954-
73 and forecasts to 1985 and 2000, as deter-
mined by the Bureau of the Census (7) and the
Office of Management and Budget (OMB) (21).

U.S. Gross National Product, 1954-73 anu fore-
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Figure 22.U.S. gross natiproduct in billion 1973
dollars, 1954-2 (20).

casts to 1985 and 2000, as reported by OMB
(21).

U.S. Gross National Product per Capita, 1954-73
and forecasts to 1985 and 2000, as reported by
OMB (21).

Gross National Product per Civilian Employed,
1954-73 and forecasts to 1985 and 2000, as
reported by OMB (21).

Federal Reserve Board Index of IndUstrial Produc-
tion (1967=100), 1954-73 and forecasts to 1985
and 2000, as reported by OMB (21).

New Construction Activity, 1954-73 and forecasts
to 1985 and 2000, as reported by OMB (21).

Gross Private Domestic Investment, 1954-73 and
forecasts to 19853and 2000, as reported by OMB
(21).

Personal Consumption Expenditures, 1954-73 and
forecasts to 1985 and 2000, as retorted by OMB
(21).

In addition, the Division of Interfuel Studies
of the Bureau provided data on Gross Consump-
tam (il Energy Fuel, Oy Major Source, 1947-73 (9),
for coal, natural gas, petroleum, hydropower
and geothermal power, nuclear facilities, and
total gross energy consumption expressed in
British thermal units (Btu) and by weight or
volume. Forecasts of five types of energy were
tabulated in "United Stales Energy Through the Year
2000 (Revised)" (9) for 1980, 1985, and 2000.
The Division also provided data to determine
growth rates of energy for 1973 to 1985 and
1973 to 2000 by the following consuming sec-
tors: Household and commercial, industrial,
transportation, electrical generation.



INTRODUCTION TO MINERAL FACTS AND PROBLEMS 347

BROSS NATIONAL 'mein PIN CAPITA. 1151-2101
11173 DOLLARS)

12.00

NIP RI CAMA
11401100lIA4111 (,*

11141 24141
10,000 LIN

I4 SAN
lNw 4/41 9,
INN 0.200

SAO 1//4 12.4111 0/
40014414 OUTLOOK "

0144210f 10411444111011 ASO ROW
MY L TOTS

- 1,000

- 4.000

- 2.000

041111 CAPITA
0100M1111 RAT

911100411
1014-/2 19
MMUS III
MN-4M 20
11/4-2/04

I L I I I I

1160 1964 1990 1916 1970 1973 19110 1905 INC 1996 2000

yre 23.U.S. gross national product per capita in 1973
dollars, 1954-2C00 (20).

Figures 21 to 28, inclusive, chart historical
trends and forecasts for eight of the foremen-
tioned economic_ indicators.

Quantitative Analysis

Commodity specialists supplied the following
data to the Division of Economic Analysis:

End uses of commodities for 1960-73.
U.S. primary production for 1954-73. Pri-

mary production is defined as production from
domestic mines or wells, and manufactured
gases.

U.S. primary demand for 1954-73. Primary
demand is defined as demand for minerals pro-
duced from domestic or rest-of-world mines or
wells and excludes demand for secondary metals
(scrap).

DEA then performed a standard regression
analysis on each end use of a commodity using
the following U.S. economic indicators as ex-
planatory vanables:

Gross national product
Federal Reserve Board index of industrial

production
Gross private domestic investment
Construction
Population
Gross national product per capita

Projections were then extrapolated for each
end use to 1985 and 2000 based on estimated
log-log and simple linear regression eqi,ations
and these projections were used as -6uides by
commodity specialists in making qualitative fore-
casts.
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Figure 24.Federal Reserve Board Index of industrial
production (1967 = 100), 1954-2000 (19)

Primary demand data for 1954-73 were used
to calculate the 1973 trend value. If this trend
value deviated substantially (10 percent or more)
from the actual 1973 demand figure, the trend
value was used to calculate demand growth rates
and cumulative demand to 1985 and 2000
rather than the anomalous 1973 figure.

Also time-trend regression analysis was per-
formed on U.S. primary production for 1953-73
to project production to 1985 and 2000.

The foregoing economic indicators and analy-
ses compiled and/or computed by DEA consti-
tuted the quantitative information supplied to
commodity specialists to serve as basic guides in
making qualitative forecasts.

Qualitative Analysis

The next step in forecasting was the determi-
nation of a forecast base for each end use for
2000. In many instances the correlation between
the historical growth rate of an end use and that
of a particular econo' indicator was good, and
therefore the commodity specialists used the
end-use base projected to 2000 by regression
analysis, or the economic indicator growth rate
applied to the 1973 demand.

Some commodities are highly interdependent
such as iron ore, iron and steel, and the
ferroalloy group. Consequently base forecasts
for some of the end uses in this group had to be
consistent with growth rates forecast for iron
and steel demand.

Similarly, in the fertilizer group of minerals,
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Figure 25.New construction activity in the United States
in billion 1973 dollars, 1954-2000 (20).

including phosphate rock, nitrates, potash, and
sulfur, base forecasts involved a consideration of
a nee or, the balance of elements in the
demand f ertilizers. Contingency estimates for
hydrogen consumption in anhydrous ammonia
(NH3) in the Hydrogerb-chapter were made in a
manner consistent with the estimates for ammo-
nia-related end uses in the Nitrogen chapter.

In the energy field, forecast bases for coal,
petroleum, natural gas, nuclear fuels, and shale
oil had to be consistent with overall energy
forecasts compiled by the Division of Interfuel
Studies, Bureau of Mines (9).

After the forecast bases had been established
for each end use, many influencing factors were
examined to determine a high and a low range.
These mitigating factors included new uses,
obsolete uses, technological progress, changes in
availability of reserves and resources, substitutes
and competitive commodities, environmental re-
straints or stimuli, price trends, world political
developments, sources of materials as byproducts
or coproducts, and the recycling of materials.

This system of contingency analysis is the
distinctive characteristic of the Bureau of Mines
forecasting technique.

Probabilistic Analysis

After establishing a forecast base and a high
and low for each end use, the commodity
specialist determined a probable forecast for
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Figure 26 Gross private domestic investment in billion
1973 dollars, 1954-2000 (20)

Table 'I.Economic Indicators used as guides In
forecasting

Growth ales
wercarin

Econornic indicator 1973-85 1973-2000

Popular/on 0 9 0 8
OvIllan labor force 1 7 1 4

Productivityoutput per civrtan
Grces national product 3a 3 5
FREI Inds' of Industrial production (1937=100 41 3 9
Gross mama product per capita, 1973 dollars 2 6 2 6

New construction activity 3 5 3 2
Enemy 3 5 3 3
Energy by consuming sector

Household and commercial 9 5

Industrial 14 12
Transportation 1 9 1 7

Electrical gerierahon 6 3 5 5

Gross national product per croon employed 18 2 0
Gross private domestic investment 3 7 3 5
Personal consumption expenditures ...... 3 8 3 5

each end use. This appraisal involves weighing
those factors and contingencies that are most
likely to influence future demand. The forecasts
for all end uses of a commodity constitute the
forecast for total U.S. primary demand.

When secondary metals (old scrap) constitute
an appreciable source of supply, as in the case of
many metals, the forecasts include the quantity
of recovered secondary material estimated to
meet a portion of future demand.

Average annual percent growth rates for the
forecast periods were calculated with the aid of
conventional compound interest tables and "an-
nuity due" tables were used to obtain cumulative
totals.
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Rest-of-the-World Demand

Although detailed end-use data were not
available for all commodities and all countries,
historical world consumption and production
data through 1973 served as one reliable guide
in making forecasts for nations other than the
United S--tes. In addition, three economic indi-
cators ff1. 1951-2000 (1) were available:

World population
World gross domestic product
World gross domestic pro="uct Fes capita

Hi 'Iorical trends and projections to 2000 for
three economic indicators were compiled

for the follow:ag 10 subdivisions of the world,
consisting of 7 groups of developed and devel-
opit g nations with hi nogeneous growth pat-
terns and 3 individual nations:
I. Western EuropeOECD countries, plus

Greece, Portugal, Spain, and Turkey
2.' Japan
3. Other developed landsAustralia, Canada,

Israel, Nit_ Z-aland, and South Africa
4. T anion of Soviet Socialist Republics
5. -astern European countries--centrally con-

trolled economies plus Albania and Yugo-
slavia

6. Africaminas South Africa
7. Asiaminus Israel, Japan, People's Republic

of China, and related areas.
8. Latin America
9. Chinaplus Mongolia, North Korea, and

North Vietnam
10. United Sta...ss

-200
U S GROSS ENERGY CONSUMPTION IT MAJOR SOURCES.

1914-2110
(QUADRILLION 8%1

-190

160

AWACS 1.001113 STASIS 5)5507 110000.114 71414 ICAO

140 SuRIAt/ Of MINIS u S C41.441144144 Or
n44 MT. RIO)

120

100

80

60

40

20

c/ //
0.c0/ co?

017
_A,/

.0" 9ot://'
HYDRI.'r)WER At .0 I./.

GEOTHERMAL POWER NUCLEAR
LE 01

POWER

1950 1954 1960 1965 1970 1973 1990 1985 1990 TM 2000

Figure 28 U S gross energy consumption by sources in
quadrillion Btu, 1954-2000 (9).

Table 2.U.S. gross energy s'onsumpOon by major
sources, 1972 2000

nr,

66

Growl energy consumption Growth mum
(ouborison mu) (pawl)

1973- 1973- 1965-
1973 1960 1985 2000 1966 2000 2500

Coal 13 29 17 15 21 25 34 75 4 0 3 6 3 3
Petroleum 34 85 41 04 45 83 51 20 2 3 1 4 6
Netural gas 22 71 20 90 20 10 19 60 -1 n 5 - 2
HYdr0Powar and

geothennal power 300 360 3 85 6 0 2 1 2 7 31
Nuclear 69 455 11 84 46 06 24 0 15 7 95
Slate 87 104 1 2

Total 74 74 57 14 103 54 163 43 ...

Source U S Bureau or Una, Urrted Stales Energy Through Ihe Year 2000
(Revised)

Demand for highly industrialized nations of
the world, including' some end-use data for
major commodities, were helpful in making
forecasts for the rest of the world.

US. Mine Production Fore sts

Applying the same type oft contingency analy-
sis used in demand forecasting, commodity
specialists forecast U.S. mine production for
1985 and 2000. Factors weighed In making these
forecasts included:

Characteristic and physical environment of
resources

Geographic location of resources
Land ownership
Political factors
Eiivironmentai factors
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TABLE 3.-COMvARISON OF PREVAILNO U.S PRIMARY MINERAL SUPPLY-DEMAND WITH PROJECTED
HISTORICAL TRENDS IN DOMESTIC MINERAL PRODUCTION

1974 1965 2000

US U

COMMODITY UNITS

US
PRIMARY
PRODUC-

110N FROM
DOMESTIC
SOURCES

U S
PRIMARY

FORECAST
S

Fir_IMARY

PRIMARY
PRODUC-
TION F
PAST

20-YEAR
TRENDS

SUS
PRIMARY
PHODUC-
TION (E5.
TIMATFO)

FORECAST'
US

PRIMARY
DEMAND

PRIMARY
PRODUC-

TION IF
PAST

20-YEAR
TRENDS

US
PRIMARY
PRODUC-
TION (ES-
TIMATED)

PREVAIL PREVAIL

ALUMINUM THOUSAND S T 456 5,672 11,100 420 700 20,960 590 2,100
ANTIMONY S T 1.319 20,323 30,600 1,480 1,400 49,500 1,320 2,475
ARSENIC S T (1) (1) 25,900 1,870 3,200 26200 '1,100 5,100
BARIUM THOUSAND S T 619 930 1.425 515 1,000 1,585 510 1,100
BLRYLUUM S T (1) 209 430 250 440 1,150 390 800
BISMUTH THOUSAND 16 (1) 2.365 4,100 1,160 1,200 4,500 1,415 1,800
BORON THOUSAND S T 193 105 165 280 350 340 380 505
BROMINE MILLION La 432 363 606 550 700 1,110 700 1,250
CADMIUM .. S T 2,066 6.167 8 MO 2,400 3,060 12,700 2.800 5,000
CESIUM LB - 15,100 45,000 200,000
CHLORINE THOUSAND S T 10,887 10,944 16,900 15'40 19:000 39,500 22,000 40,000
CHROMIUM THOUSAND S T - 560 700 1,100
COBALT 1 THOUSAND LB - 23,163 27,100 13,000 43,000 - 40.300
COUMABIUNI THOUSAND LB - 7 637 11,000 22,300
COPPER THOUSAND S T 1,597 1,963 2,700 2,070 2,500 4,200 2,650 3,600
FLUORINE THOUSAND S T 137 669 1,560 130 100 1,930 130 60
GALLIUM KG (1) 7 13,300 3,800 10,000 32.0-10 5,700 20,000
GERM/MUM THOUSAND LB 28 44 Tio 15 40 81 54
GODS THOUSAND T 02 1.127 3,930 7,000 1,120 1,700 15,300 780 . 2,200
HAFNIUM ST - 40 50 80
NOW ..... 1 . ... __ ....... .._ THOUSAND T 02 (1) 825 980 40 700 1,520 300
MOINE THOUSAND LE (1) 7,500 10,700 660 3,0113 18,000 640 5,000
IRON ORE M1UJON S T 58 91 107 60 8 129 70 100
LEAD THOUSAK 1 5 T 864 931 1200 760 720 1,530 1.070 970
LITHIUM ST (1) , 4,530 7,000 5.800 7,500 13,800 6,400 14,800
MAGNESIUM-METAL THOUSAND S T (1) 123 195 170 250 365 240 300
MAGNESIUM-NONMETALLIC < THOUSAND S T 950 1,0'9 1,500 1,050 1 400 2,550 1,080 2,400
MANGANESE THOUSAND S T 35 1,492 1,1'10 30 2,130
MERCURY THOUSAND FL 2 53 (2) 25 47 25
MOLYBDENUM THOUSAND LB 112,011 78,400 156,000 202,800 193,000 214,000 383,400
NICKEL THOUSAND S T 14 219 260 20 100 385 30 270
NITROGEN - COMPOUNDS THOUSAND S T 13,016 12,971 19,000 21,000 16,060 29,000 30,000 25.000
NITROGEN-GAS ! )UIDS 1 NOUSAND S T 6.875 6,800 12,400 13,000 12,0 u 18,000 20,000 16,000
PALLADIUM
PLATINUM

THOUSAND T 02
THOUSAND T OZ

9
4

672
648

975
960

17
1

14
5

1.340
1,225

20 22
6

RARE EARTHS & YTTRIUM S T 22,482 15,500 22,000 '30,000 40,000 34.000 47,001 60,000
RIENIUM LB 6,700 4,500 7,000 11,200 10,000 8,000 17,70 15,
RHOOIUM THOUSAND T OZ - 51 75 125
RUBIDIUM LB - 1,210 1,800 3,000
SCANDIUM KG - 5 8 17
SELENIUM THOUSAND LB 644 1,566 2,100 - 590 1,200 3.020 440 2 000
SILICON THOUSAND S T 589 686 755 750 740 1,200 1,000 1 ,000
SILVER THOUSAND T OZ 33.600 124,000 T60,00C 40,000 44,000 230600 43,000 600
STRONTIUM ST - 19,800 25200 34,700
SULFUR THOUSAND L T 11,419 10,860 14.500 13,400 te,OCO 23,000 17,100 24,000
TANTALUM THOUSAND LB - 1,960 2.300 4,600
TELLURIUM ..... THOUSAND LB I) i 324 370 180 330 510 180 490
THALLIUM ' LB (1) 1,850 1,400 480 2,500 1,400 3,000
THORIUM ....... _ ST II 1 80 90 70 130 260 10 1,00
TIN _____________ ___ L T (1) 45,900 58,000 130 70 64.000 190 70
TITANIUM-METAL
TITANIUM - NONMETALLIC _

THOUSAND S T
THOUSAND S T

-
257

21
525

29
790 320 361

45
1,380 370. 444

TUNGSTEN THOUSAND LB 7,381 15,098 26,700 5,800 8,500 49,400 4,100 3,560
VANADIUM ST 5,368 8.453 15,500 7,200 9,100 33,000 8,800 6,700
ZINC THOUSAND S T 500 1,484 2,120 550 600 3,050 570 1,100
ZIRCONIUM-METAL S T - 3,000 5,000 12,000
ZIRCONIUMNONMETALLIC THOUSAND S T (1) 68 115 70 , 100 210 95 200

Technological change
Nature of existing production capability
Byproduct and coproduct production
Health and safety regulations and consider-

ations
('.onwrvation
Availability of manpower
Energy and water requirements

In addition, DEA supplied proje:tions made

3 )

by regression analysis of the 20-year
trend-, fo, each commodity.

MINERAL. TRENDS AND FORE

produclio

CASTS

These data presented in summary table form
result from a continuous study conducted by the
Bureau of Mines for the purpose of identifying
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TABLE 3.- COMPARISON OF PREVAILING U.S. PRIMARY MINERAL SUPPLY-DEMAND WITH PROJECTED
HISTORICAL TRENDS IN DOMESTIC MINERAL PRODUCTION (CONTINUED)

COMMODITY UNITS

1974 1985 2000

US
PRIMARY'

UPRODUC-
PRIMARY

TION F
DOMESTIC

ROM
DEMAND

SOURCES

FORECAST
US

PRIMARY
DEMAND

US
PRIMARY
PRODUC-
TION W
PAST

20-YEAR
TRENDS
PREVAIL

US
PRIMARY
PRODUC-
TION (ES-
TIMATED)

FORECAST
US

PRIMARY
DEMAND

US
PRIMARY
PRODUC-
TION IF
PAST

20-YEAR
TRENDS
PREVAIL

US
PRIMARY
PRODUC-
TION (ES-
TIMATED)

ASBESTOS
CLAYS
C O R U N D U M - - - - - - - - - - - -

THOUSAND S T
AM LION S T

- - S T

113
61-

846
50

1,003

895
101

840

220
71

160
100

1,114
181

1,000

300
84

200
190

DIAMOND-INDUSTRIAL _ THOU SAND KT 19,004 25,100 37,000 28.000 30,000 69.500 43,000 50,000
DIATOMITE - -- 1" nJuSAND ST 664 478 615 1,000 1,785 1,000 2,00
FELDSPAR
GARNET

THOUSAND S T
THOUSAND S T

854
25

633
20

1,150
28

950
32

1,150
31

2,000
39

1,150
43

2,L
53

GRAPHITE THOUSAND S T (1) 97 98 129
GYPSUM THOUSAND ST 11,999 18,693 26.000 12,200 15,000 34,000 13.600 20,000
KYANTE THOUSAND ST (1) (1) 250 230 320 500 330 660
LIME THOUSAND S T 21.845 22,029 29 300 30,000 29,000 43,300 40,000 43 000
MICA-SCRAP 6 FLAKE THOUSAND S T 137 124 185 180 190 215 230 234
MICA-SHEET THOUSAND LB - 7,160 4,000 1,410
PERUTE THOUSAND S 7 555 535 825 700 900 1,500 900 1,600
PHOSPHATE ROCK THOUSAND S T 45,686 34,720 45,000 65,600 80,000 69,000 92,800 86,000
POTASH MOUSAND S T 2,552 6,064 9,000 3,300 2,000 12,000 1,000
PVMICE THOUSAND S T 3,937 4,227 6,100 5,400 6,500 10,160 7,200 10,600
QUARTZ CRYSTAL THOUSAND LB - 285 400 620
SALT THOUSAND S T 46.423 49.164 75,000 65,000 77,800 136,400 87000 129,300
SAND 41 GRAVEL MILLION S T 976 978 1,390 1,240 1,390 2 090 1,560 2,090
SODA ASH THOUSAND S T 7.561 7,058 10,100 9,070 11,000 15,630 11,100 17,000
STONECRUSHED MILLION S T 1.042 1.5' 1,300 1,550 2.500 1,800 2.500
STONE-DIMENSION , THOU SAND S T 1,915 915111:°4 1,700 1,000 1,500 1,700 120 1,500
TALC THOUSAND S T 1,288 1,084 1,500 1,500 1,700 2,150 1,900 Z400
VERMICULITE - - - - -T H O U S A N D ST 341 324 500 440 525 900 570 950

ANTHHACITE MILLION S T 7 5 5 - 6 5 - a
BITUMINOUS ,GAL & LIGNIE MILLION S T KG 553 916 700 993 1,555 850 1,855
NATURAL GASH BILLION C F 21.501 21,223 19,510 32,100 18 210 19,000 43,600 16,530
PEAT THOUSAND S T 731 1 033 1,400 920 932 2 200 . 200 I 108
PETROLEJAP MILUON BBL 3,819 6,078 8,265 ! 00 5.307 9,274 6,300 4,964
SHALE OIL - - - -M I L L I O N BBL - - 110 - 110 730 - 730
URANIUM (NUCLEARI S T 9 /76 6,000 41,000 12,700 36,000 69,500 14,400 60,000

ARGON THOUSAND S T 241 241 360 33r 360 660 500 600
HELIUM __ MILLION C F 699 '570 NA W. NA NA NA NA
HYDROGEN BILLION C F 2,570 2,570 4,345 4,400 4,345 14,450 6,600 14,450
OXYGEN THOUSAND S T 16,127 16.127 32,000 26,100 32,000 62,000 38,800 62,000

NA NOT AVAIL ALE 'PRIMARY PRODUCTION MEANS PRODUCTION FROM DOMESTIC MINES OR WELLS, AND MANUFACTURED GASES
CERTAIN DMA ARE WITHHELD BECAUSE OF INDIVIDUAL COMPANY CONFIDENTIALITY
LESS THAN ONE UNIT

3 GAS CONTAINING LITTLE OR NO HYDROCARBONS COMMER,IALLY RECOVERABLE AS UOUID PRk_
INCLUDES NATURAL GAS LIQUIDS
REVISED

how the r.4ional interest might be affected by
'Appal ent clianges in worldwide miperal supply-
demand lationships The data are directed to
the inOtvidual mineral- farming elements, corn-
mo fossil fuels. and certain gases and mineral
f Its that have, or might have, some milliner-

significance.
Although the data are revised frequently to

reflect any siisni scant changes in supply-demand
patterns or e-td-use applications, a -comprehen-
sive updating is performed annually as current
critical data relating to world production and
consumption become available. Accordingly the
tables have been re'.ised to reflect relationships
that became apparent at the close of 1974, the
!atest year for which relatively complete recon-
L;led worldv tete data are in hand. Similarly au
analyses of probable future patterns have been

re-estimated in light of current information and
the emerging factors that would seem to influ-
ence future relationships.

The minor discrepencies that exist between
the forecasts in the :ommodity chapters which
were based on 1973 data and conditions, and
the following tables based on 1974 data, illus-
trate the necessity of revising these trends and
forecasts on an annual basis.

Feserves are particulary sensitive ta changes in
price, new mineral discoveries, and technological
progress. Similarly, supply-demand estimates are
subject to revision annually because of new uses,
substitutions, environmental thwelopments, and
the substantial changes and expansions in the in-
dustrial world as indicated in the preceding two-
century "Tim,: Capsule."

Primary prods .tion means production from

3 71
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TABLE 4.--AVERAGE ANNUAL GROWTH IN U.S. PRIMARY MINERAL DEMAND DURING 1960-11410. 1960 -1970,
1970-1974, WITH GROWTH FORECAST FOR 1974-1996 and '1974-2000

(PERCENT)

1960-
1960

1960-
1970

1970-
1974

1974-
1985

1974-
2000 COMMODITY 1960- 1990- 1970- 1974- 1974-

1960 1970 1974 1966 2000

ALUMINUM 5 7 9 6 9 6 5 9 5 0 ASBESTOS -0 3 0 3 3 6 0 5 I IMIAOW -27 21 90 38 35 OATS 23 -0 6 2.7 5 1 4 4
ARSENIC -27 09 60 01 01 CORUNDUM -26 -29 -*lie -16
SARUM 42 17 43 40 21 DIAMC40.1NOUSTRIAL 9 6 -58 10 2 3 6 4 0
BERYLLIUM 125 -03 -102 86 68 DIATOMITE 59 14 19 49 54SWUM" -0 2 2 1 1 4 5 1 2 5 FELDSPAR 1 4 2 1 8 5 3 0 3 4
BORON 40 46 45 53 46 GARNET 0 2 5 6 5 6 2.6 2 784 74 15 48 46 GRAPHITE 0 2 0 4 15 3 0 1 I
CADMIUM 03 -07 et 31 28 GYPSUM 24 02 69 30 24
:EMMA 76 280 105 104 KYANITE 51 62 -42 SO 61
CHLORINE 85 80 29 51 51 LIME 57 44 2.6 26 26
CHROMIUM _ 45 27 33 21 26 MICA-SCRAP & FLAKE 2 9 1 9 I 3 3 7 2 2
COBALT 79 42 94 t4 30 MICA-SHEET -49 -17 24 -54 -60
COLUMBIUM . 37 0 7 5 11 4 3 1 4 1 PERLITE 11 5 4 0 5 0 4 0 4.0
COPPER -14 36 56 30 30 PHOSPHATE ROCK 45 82 83 24 27
FLUORINE 4 5 7 6 3 4 7 7 4 0 POTASH 52 7 3 6 5 3 6 2.6
GALLIUM 320 42 +500 61 I I PUMICE 11 9 4 4 s 6 3 4 3 4
GERIALNIMA -27 24 29 24 QUARTZ CRYSTAL 7 3 -3 4 14 6 3 1 3 0
GOLD 1 0 7 1 -11 3 5 4 5 4 SALT 47 84 03 39 40
HAFNIUM 38 33 21 27 SAND.& GRAVEL SS 2.9 09 43 30
INDIUM 90 63 107 16 24 SODA ASH 2 6 2 4 I I 3 4 3 2
IODINE 34 100 45 42 34 STONECRUSHED IS 6 3 9 4 6 3 7 3 4
IRON ORE 04 26 20 15 t4 STONE-DIMENSION 20 -26 2.4 -I I -05
LEAD . 26 44 29 23 19 TALC 14 29 29 32 27
UTHIUM . 18 0 7 6 15 0 4 6 4 6 VERMICUUTE -05 12 100 40 40
MAGNESIUM-METAL 11 0 6 5 6 4 4 3 4 3
MAGNESIUM-NONMETALLIC 29 08 -09 36 36 AN IMIAOTE -63 -64 -113
MANGANESE 04 21 30 II II BITUMINOUS COAL & LIGNITE _ -1 9 32 17 47 41
MERCURY 02 .6 -03 -01 -05 NATURAL GAS 76 57 07 -06 -04
MOLYBDENUM 3 28 117 27 38 PEAT 112 09 56 25 29
NICKEL 20 25 77 16 26 PETROLEUM 42 41 32 28 16
NITROGEN - COMPOUNDS 15 6 7 7 4 3 3 5 3 SHALE OIL
NITROGEMGAS & LIQUIDS 37 0 23 0 11 8 3 1 2 9 URANIUM 8 400 189 160 67
PALLADIUM _
PLATINUM

II 4
05

3 5
35

8 2
2,0

3 4
13

2 7
14 ARGON aci 176 142 26 40RARE EARTHS & YTTRIUM 10 9 17 8 7 5 3 2 3 1 HELIUM 19 2 2 2 ti 3 NA NA

RHENIUM 2.0 3 2 4 1 2 7 HYDROGEN 140 136 43 49 6
RHODIUM 5 5 4 2 9 1 3 6 3 5 OXYGEN 142 129 49 65 53RUBIDIUM 0 8 14 8 3 7 3

NA NOT AVAILABLESCANDIUM -34 0 4 4 4 6
SELENIUM 3 7 3 8 9 1 2 7 2 6 REVISED
SILICON _ 08 78 66 09 27
SILVER __ 09 73 139 24 24
STRONTIUM 19 193 09 22 22 1960-1970, 1970-1974, with growth fore-
SULFUR
TANTALUM

1 6
130

4 5
62

4 2
187

2

V t
2 9
33. cast for 1974-1985, and 1974-2000.

TELLURIUM 8 1 2 7 4 6 I 2 1 8 lable 5.U.S. percapita primary mineral de-THALLIUM
THORIUM

48
le 9

ei
0 2

35 0
190

-28
'

II
4 6 mand in 1950, 1960, 1970, and 1974,

22 1 1 41 21 13 with forecast demand in 1985 and 2000,TITANIUM-METAL
TITANIUM-PK7NMETALLIC

230
4 3

118
3 5

-34
3 0

30
3 8

30
3 8 Table 6.U.S. total mineral demand in 1974 by

TUNGSTEN 58 38 02 49 45 end use.
VANADIUM
ZINC

73
15

122
31

48
27

57
34

54
29 Table 7.World primary mineral demand in

ZIROONIMAMETAL 175 138 48 55 1974, with projected demand in 1985,
ZIACONSACNOPIMETALLIC 14 5 7 2 0 5 4 8 4 4

and cumulative demand 1974-1985.

domestic mines ,or wells, and manufactured
gases. Demand for primary minerals means
demand for minerals proc'iked from domestic
or rest-of-world mines or wells and excludes
demand for sc.. cndary metals (old SC rap).

The tables included in trends and forecasts
are as follows:

Table 3.--Comparison of presailing U S pri-
mary mineral supply-demand with pro-
jected hist'incal trends in domestic mineral
production

Table 4.- -Ast ...g annual growth in U,S. pri-
mary m oeral demand durm, 1950-1960,

Table 8.World ?rimary mineral demand in
1974, with projected demand in 200, and
cumulative demand in 1974-2000

Table 9.U.S. secondary metal (old scrap) de-
mand in 1950, 1960, 1970, and 1974.

Table 10.U.S. forecasted secondary metal (old
scrap) demand in 1985 and 2000.

Table 11.World mineral reserves, 1974.
Table 12.Comparison of world cumulative

primary mineral demand forecasts, ;974--
7006, with ,orld mineral reserves, 1974.

Table,13.Comparison of world cumulative
primary mineral demand forecasts, 1974-
2000, with world identified miLeral re-
sources.

ti 7
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INTRODUCTION TO MINERAL FACTS AND PROBLEMS 361

TABLE 13.-COMPARISON OF WORLD CUMULATIVE PRIMARY MINERAL DEMAND FORECASTS, 19744000, WITH
WORLD MINERAL RESOURCEW, 1974

COMMODITY UNITS

PRIMARY MINERAL DEMAND
1974-2000

IDENTIFIED MINERAL
RESOURCES

RATIO OF IDENTIFIED
RESOURCES TO

CUMULATIVE DEMAND"

UNITED
STATES

REST OF
WORLD

WORLD
UNITED
STATES

REST OF
WORLD

WORLD
UNITED
STATES

REST OF
WORLD

WORLD

ALUMINUM (BAUXITE ONLY), MILLION S T 316 6415 962 50 6,280 6,310 0.2 9 7 6 6
ANTIMONY THOUSAND S T 864 1,917 2,781 130 5,460 5,580 2 2 8 2 0
AMMO THOUSAND S T 875 696 1,371 3.800 9,400 13,200 5.6 9 6
BARIUM MILLION S T 36 63 119 230 770 1,000 6 4 0 3 6 4
DERYLUUM THOUSAND S T 15 8 23 80 1,136 1,216 5 3
BISMUTH MILLION LB 87 163 270 36 257 290 4 14 I1
CADMIUM THOUSAND S T 236 506 744 1,780 19,030 20,610 7 5
CHROMIUM MILLION S T 21 80 101 2 1,155 1,157 1

COBALT MILLION LB 793 1,774 2 567 1,684 7,756 9,440 21 44 37
coLuteum MILLION LB 387 1.018 1,385 320 31,970 32,290 9
COPPER' MILLION S T 78 275 353 410 1,640 2,050 5 3 8 0 5 8
FLUORINE MILLION S T 38 96 134 15 130 75 4 8 8
GERMANIUM THOUSAND LB 1,600 4,020 5,620 1,500 7,000 6,500 9 1 7 1 5
GOLD MILLION T OZ 224 832 1,056 240 1,660 1,900 1 1 20 1 6
INDIUM MILLION T OZ 30 35 65 20 69 109 7 25 1 7
IRON ORE BILLION S T 3 19 22 16 197 215 6 0 9 6
LEAD MILLION S T 31 105 136 119 211 330 3 8 2 0 2 4
LITHIUM THOUSAND S T 217 213 430 927 1,178 2,105 4 3 5 5 4 9
MANGANESE MILLION S T 46 362 408 7 3,526 3,800 1 6 9 7 6 6
MERCURY THOUSAND FL 1,300 5,300 8,600 900 16,810 17,510 7 31 27
MOLYBDENUM BILLION LB 3 6 9 35 28 63 4 7 7 0
NICKEL MILLION S T 7 22 29 15 108 123 2 1 4 9 4.2
PALLACMAP MILLION T OZ 28 55 81 80 475 565 3 1 6 6 6 9
PLATINUM' MILLION T OZ 27 70 97 120 725 845 4 4 6 7
RHODIULP MILLION T OZ 2 4 6 10 50 80 5 0
SELENIUM MILLION LB 59 63 122 347 1,038 1,385 59
SILVER MILLION T OZ 4,500 9.000 13.500 5,700 18,930 22,630 1 3 1 9 1 7
STRONTIUM THOUSAND S T 700 1,050 1,750 1,700 A A 2 4
TANTALUM MILLION LB 81 54 135 3 573 576 - 4 3
TELLURIUM MILLION LB 11 5 16 82 245 327 7 5
TIN THOUSAND L T 1 400 5,100 7 500 65 20,300 20,385 I 3 3 2 7
TUNGSTEN MILLION LB 760 2,490 3 270 958 10 400 11,358 1 2 4 2 3 5
ZINC MILLION S T 57 182 214 130 1,530 1,660 2 3 8 4 6 9

ASBESTOS MILLION S T 28 182 188 20 255 215 6 1 6 1 5
GRAPHITE MILLION S T 3 17 20 10 300 310 3 3
PHOSPHATE ROCK MILLION S T 1,319 5,449 6,808 7,000 76,900 83,900 5 3
POTASH MILLION S T 228 839 1,087 400 A A 1 6

NATURAL GAS TRILLION C F 522 1,180 1,682 4439 NA NA 6 NA NA
PETROLEUMS BILLION BBL 196 520 716 474 NA NA 4 NA NA
URANIUM THOUSAND ET- -- 1,065 1,773 2.636 159 1,600 1.864 3 _ 7

NA NOT AVAILABLE A ADEQUATE 'RATIO OF 10 OR MORE
WARRED RESOURCES ARE SPECIFIC BODIES OF MINERAL-BEARING MATERIAL WHOSE LOCATION, QUALITY. AND QUANTITY ARE KNOWN FROM

GEOLOUIC EVIDENCE SUPPORTED BY ENGINEERING MEASUREMENTS WITH RESPECT TO THE DEMONSTRATED CATEGORY, AND INCLUDE RESERVES
AND SpECONOMIC RESOURCES

Ea:LUDES MINERALS WHERE U S AND REST OF WORLD RATIOS ARE MORE THAN 10
64..I.UDES HYPOTHETICAL AND SPECULATIVE RESOURCES
MEASURED AND INFERRED RESERVES
UNITED STATES INCLUDES NATURAL GAS LIQUIDS

I MEASURED, INDICATED, AND INFERRED RESERVES
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Editor's note: The following section is taken from Wilfred Malenbaum, Carol Cichow-
ski, Fathollah Mirzabagheri, and James Riordan, "United States Minerals Require-
ments in the Year 2000: Production Implications of Foreign Minerals Requirements
in 2000," pp. 1-3, an annex to Materials Requirements in the Year 2000, Washing-
ton: National Commission on Materials Policy, Nov. 30, 1972.



364 THE NONFUEL MINERALS SECTOR

I. RESEARCH SCHEME

In this report the aemand for a material during any particular year as of the turn of this century, in 2000
is derived as the product of two components: the level of overall economic activity at that time and the
intensity-of-use of the material at that level of overall activity. The task of estimating materials requirements in 2000
thus divides into one of estimating national product and one of estimating the amount of material needed in the
production of one unit (in dollars) of national product in 2000. The first component (level ofnational activity) will
of course be the same for all materials. This contributes some consistency among estimates for different materials
a matter of particular concern when estimates are presented for a remote date. The second component
(intensity-of-use) has a basic technological dimension. For it must give emphasis to the role of changing methods and
alternative materials in the process of production as economic activity evolves over time. Both components must rest
upon the historical record in all parts of the world treated here. Past data for consumption (production + imports
exports usually termed "apparent consumption") are readily separated into these two elements.

The world is considered in 10 subdivisions selected for relevance to the present concern estimates for
non-U.S. demand, patterns of demand change in developing lands, for example with enough homogeneity in a
subdivision to permit common assumptions about changes in intensities-of-use of materials and in rates of total
economic growth. The following "regions" are used (and designated by number in the tabular presentation):

1. Western Europe OECD countries, plus Greece, Portugal, Spain, Turkey
2. Japan
3. Other Developed Lands Australia, Canada, Israel, New Zealand, South Africa
4. Union of Soviet Socialist Republics
5. Eastern European Countries bloc countries plus Albania, Yugoslavia
6. Africa minus South Africa
7. Asia minus Israel, Japan, Mainland China and related areas
8. Latin America
9. China plus Mongolia, North Korea, North Vietnam

Commodity estimates for the tenth unit, the United States, are not presented explicitly in the body of the present
report although considerable use is made here of the well-documented United States record in materials.'

With respect to gross domestic product the measure of overall economic activity adopted for this report
the initial step was selection cif a recent base year in which comparable total output estimates (in US. dollars) could
be made available for each of the units (regions) into which the world was subdivided. Indexes of comparable output
were then assembled for the same areas over the years since 1950. Finally, for each region, a single average rate of
growth was determined to represent the expected developments in total economic growth over the 30-year period
from 1970 to 2000. This was not a task of national income construction; rather it.was kin exercise in the theory of
national growth. Its main statistical component was the selection of an appropriate average rate of growth to
represent what inevitably will be the range and variations in growth rates That each subdivision of the world can
expect to experience over some three decades. Thus despite unemployment and despite underutilization of plant
capacity in the United States, the economy has even in the very recent past experienced an annual real growth rate
of 0% (1970) and of 2.7% (1971). It did experience a few rates above 5% in some years of the late 1960's and a rate
of about 6% is now anticipated for 1972. Whatever progress man and society have made in their capacity to generate
economic advance and there is clear evidence of upward movement in average rates of growth over periods of
years all subdivisions of the world must anticipate short-period fluctuations in these rates. The rate projected for
the 30-year period until the year 2000 obviously needs to allow for.such variations.

1A separate Annex provides comparable figures fur materials requirements in the year 2000 for the United States
(plus Puerto Rico and island possessions). These figures are derived in a manner consistent with the non-U.S.
estimates in this report.
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The estimates for this component of the requirement figures are discussed and presented in section II of this
report.

Intensity-ofuse data for each material are presented on a total domestic product basis, separately for the
subdivisions of the world listed above. Such figures differ significantly among the world's regions, as they usually do
for each subdivision over time. For intensity-of-use of a material depends upon geography, industrialization,
economic achancement and other factors for which the world offers a varied pattern. Many of these factors change
over time notably industrial and economic development. Indeed, use of materials can be associated with the
specific products and services a nation produces the output of automobiles, or the miles people travel in a year, or
the extent of electrification, as examples. Every materials use figure might be accounted for fully in such itemized
outputs. but this would certainly be a major research undertaking even for the relatively few countries where
statistics on such use are available. Any projected use-intensity for each group of nations in a world total would
require very many specific assumptions about future product use. Instead reliance is placed here upon more general
attributes of the demand for materials, derived from past relationships an.] the theory that helps explain them.

Trends and pat terns of past intensity-of-use data were analyzed; they presented several possibilities for future
developments. On occasion the past record suggested a more or less direct extrapolation to the year 2000. Much
more common was evidence of a reversal pattern: intensities increased over a period and then began 'to decline.
There was evidence of an association with the level of income. Indeed, the intensity-of-use data for all regions of the
world together do reveal some systematic patterns. Below, in section 111, we discuss specific relationships of
materials use and per capita income. We discuss also the evidence on changes in use-...iensities with actual changes in
goods and services (in which materials are used) as per capita income grows, with new technologies that make for
more efficient materials use, and with the possibilities of substitution among materials as technology, demand, and
supply alter relative materials prices. All these offerers guides for determining the appropriate intensity level for
2000. as did the experience of commodity specialist ; and the extensive analytic and descriptive literature on
materials use. As in the case of growth in national product, economic theory helped here also particularly with
respect to doctrine on commodity substitution ui tditions of demand and technological change, and with the
price and policy adjustments related to these chan

In the last analysis. however, systematic cc; . of these guides and r issibilities had to be supplemented
by the judgment of the research worker. For the report this subjective input was the responsibility of one
individual. the principal researcher on his project. , .n the "answers" for rates of national growth in the year
2000. the "answers" on intensity-of-use of each in derial in that year reflected consistent judgments, conditioned by
a vast assembly of pertinent data (including oral znd written expert information), the economic rationale of past
performance. and theories of economic equilibrium, change, and growth.

The estimates for this second component of the requirements figures, by commodity and by subdivision of the
world. are discussed more fully and presented in section III below.

Materials requirements for 2000. with comparable statistics on historical use, are in section IV. The tabular
presentation also includes series for consumption per person for each commodity in each of the nine subdivisions of
the non-U.S. world. Elasticity coefficients have also been computed, showing percentage change in consumption of
each material. 1966.69 to 2000. relative to percentage growth in total domestic product over this period. Historical
comparisons. 1951.55 to 1966.69. are also given. The "answers" thus permit ready comparisons of materials
consumption over time and among important subdivisions of the world.

Finally. we stress that the two components of the research program rest ona common basic assumption: the
growth of nations has an internal dynamic. That it, growth is nut governed by supply limitations of any specific
Input materials nor is it limited by any inelasticity of total output imposed by supply or demand of materials. This
assumption made it possible to project national and world economic growth in one part of the research effort
without regard to the materials position appraised in the other part of the study. A nation meets its needs for
materials in the pursuit of its economic, social, and political objectives. this assumption is consistent with the tneory
of economic growth neld to be relevant to experience in the modern world of the past two centuries or so; it is
discussed further in II below In addition, the research on past materials consumption, and indeed the results
developed in III helow. are themselves testimony to the diversity of materials usage in the modern world. As relative
supplies shift. as demands alter, as techniques of use change, as price ratios vary, rules of operation are altered. These
adjust melds are the took by which man and society obtain and use materials they need. This is how it has been. the
c \tensive past e\perience augurs well for the future.
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But the tools must cope with what promise to be progressively greater tasks. Poor nations must have higher
levels of living; populations grow at record rates; minerals production generates environmental hazards. There is need
for continuous and imaginative study of the alternatives in supply and requirements of materials, and foi
governmental and intergovernmental policy and actions based on such study. Still, the past record tells us that such
efforts can be undertaken with the expectation that the world's materials resources can continue to serve the world's
aspirations for social and economic progress. The world's materials resources will govern such objectives only if
research and policy needs are neglected.



e

Editor's mote: The following section is taken from Wilfred Malenbaum et al., "World
Demand for Raw Mazeriab in 1985 and 2000," an unpublished report prepared for
the National Science Foundation under grant no. 75-23687, Oct. 1977, pp. 18-51.
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I. The Research Schema

What factors determine the quantity of any specific industrial rev

material a nation will use up over a given year? Given the need for

answas for future time periods, these factors must themselves permit more

straightforward and justifiable extrapolations than would the dependent

viriable the amount of rew material used up) itself. Three factors were

selected hers as the best determining variables. Thus to-estimate iDt

the use of material i in the year t, there is need for (1) the total value

of final goods and services produced in the year t by a nation's endow-

ments (GDDPt); (2) the nation's population in that year (pt) ; and

(3) what may be called the intensity-of-use of i in year t (iI-Ut) dot sd

I-17 .

GDP

Obviously, iDt 2 (OW iImU;) art
(Daji;e

Yellowing is a discussion of the nature of each factor's relationship to

D and of the interrelationships among the three factors. In particular,

the discussion examines the relevance of a tautological formula in integrat-

ing the three factors to yield iDt.

1. GDIPp. Raw materials are intermediate -type inputs in the produc-
...

tion process. Therefore, "using up" a raw material, i in t, can only mean

its use in producing a nation's &ae goods and services during t.

Ordinarily there is essentially no demand for i as end-product in itself;

even inventory demand for carryovers of i reflects a time dimension of the
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same derived demand as the demand for i's current use in final goods.

Hence, some measure of total national product, i.e., the value of all final

goods and services produced by a nation's productiVe resources over a

year's period, must be an important factor determining materials use.

While there are arguments in favor of some net rather than gross measure

of this product, the latter is used here. In any event, the GDP measure

has greater statistical reliability and much broader availability. A

negative consideration is the possible distortion of the intensity-of-use

measure in periods of heavy stockpiling associated with marked price changes

of some raw materials. This'is revealed in actual data (e.g., in Japan in

the early 1970s), but such inventory changes are usually recorded, and

their distortions on the intensity measure can generally be taken into

account ...

Most projection schemes for materials demand do use this association

with GDP. One can examine past relationships in this regard: e:spat,

the direction of determination may not be relevant, but not so for the

ex ante purpose of prime concern here. For we use estimated GDP1985 and

2000 as one key determinant of ID in each of these two years. If

material i is itself a significant determinant of GDP, the argument is

circular and probably invalid. Currently, limits-to-growth themes have

some vogue, although probably lass so than was the situation in 1972 and

1973. The present paper does not accept the view that GDPt for t over

38?



370 THE NONFUEL MINERALS SECTOR

a long period of years will be determined by the availability of any material

i. It argues rather (III below) that for such future years GDPt levels will

be primarily the consequence of decisions and actions of man, whatever the

availability of specific materials. Both theoretical and empirical considera-

tions prompt this view, and these considerations have dictated the

quantitative GDP growth projections presented in this report.

The first determining factor then will be each regional unit's level

of national product, usually as GDPt. And in the nature of materials use,

one cap hypothesize that upward GDP movement, other factors constant,, will

contribute to upward iDt movement.

Given the goal of projecting iDt for a range of i's, it may be noted

here that in the formula, GDPt is the same, whatever i. This constancy

contributes an element of consih:ency in the twelve i's of this study as

projections are made for future es, i.e., 1985 and 2000.

2. Population (pt). The population role in iD is very different

from that of GDP; on the whole, the relationship of population change to iD

is more complex than is the role of GDP. Nonetheless, many projections of

iDt do assume a positive population role, essentially parallel to the

positive GDP rola.
1

Tt is obvious that a very wide gap persists between

1
For example, two important and significant forecast studies, one by

the U.S. Bureau of Hines (Mineral Pacts and Probleme, 1970, GPO, Washington,
Dr.C.), and the other by Resources for the Future (Population. Resources,
a a E.ironfaent A Re o t to the U S. Commission o Po u at t
and the American Future, R.G. Ridker, ad., GPO, Washington, 1972) seem to
puma cumulative positive relationships for these two independent viriables:
i increases when GDP or population increases. This is shown explicitly
fn summary results presented by D.B. Brooks and P.W. Andrews, "Mineral
Resources, Economic Growth and World Population," Science, 5 July 1974,
p. 15.

330
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population shares and resource use shares. Thus, at mid-century the rich

warldlwith less than one -third of the world's population used about 95 percent

of the raw materials. The poor world ratio of materials use did move up

dramati;ally between 1930 and 1970. But this was due not to their popula-

tion growth but to their GDP growth. Despite the rapid populatio= growth

in these Lands, GDP growth rates were still higher over those decades.

Indeed, a relevant determining element turns out to be GDP /population,. 20

that the relationship between changes in materials use and population

change is usually inverse. This relationship is best discussed in connection

with the third factor basic to
-i
D determination in the present study.

3. Intensity-of-Use(iI-Ct). This measures the physical amount of

used up per unit of GDP in any particular period. Comparisons among

countries make it necessary to present GDP magnitudes in a single currency

(U.S. $ here); comparisons over time require a constant price level (1971

here). Both the population factor and the intensity measure serve as

correctives to the GDP contribution to estimates of lye "Population"

corrects for the new number of people sharing a GDP level at time t.

"Intensity" adjusts fqr the new structure of GDP as its product composition

differs at a t level, and as new technology and new cost structures alter

the process of GDP creation. The application of the intensity ratio in the

study of materials use has begun to be explored only in very recant years.
1

1
See the observations on this point in Brooks and Andrews, !.bid.,

pp. 15 -16.
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372 THE NONFUEL MINERALS SECTOR

Perhaps the present effort is the most comprehensive. As the

discussion in IV makes clear, there is an analytic case for further and

continuing research exploration of the relationship between physical inputs

of intermediate materials and real value of final goods and services.

Several aspects of this I-U measure are noteworthy. First, it is

readily available over past years, given statistics on a nation's use of i.

Second, the very concept of an input and output relationship has a

technological dimension. It must reflect changes in use and efficiency of

inputs to yield outputs, with account taken of ch.:.nges in techniques (for

input or output) and changes in market relationships associated with supply,

demand and public policy bearing on inputs and outputs. Third, and of

particular interest, the historical evidence on use-intensity suggesta

there are patterns of behavior of the measure. A these patterns may be

identified with underlying theory and empirical time observation. Indeed,

it is this systematic behavior of the measure hat constitutes the big

promise for its usefulness in demand analysis or raw materials.

Among the observed patterns are those wh ch emerge when intensity-

of-use in a region is associated with per capita GDP over a period of years.

With such a relationship our "formula," iDt f GDPt
D
t incorporates all

GDP
t

three o2 the determining factors considered here. There is of course a

signiftcant body of facts and of theory on the subject of the growth of

nations. While theory and policy on this matter are today in some state of

'3 9
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controversy, national growth does constitute an area central to the social

science professions. Quite separate from this doctrine on GDP, the second

teri (the ratio that measures intensity-of-use) may well have significance

beyond what its numerator and denominator nas separately. Intensity-of-use

could thus have an empirical and theoretical life of its awn. In this

event, the tautology converts into a useful analytic tool.

This is the context in which the present research scheme rests upon

the identity formulation: changes in the three determining factors can

be related to changes in levels of materials use.

As indicated in JaisIntoducttn, attention will be given to the

following materials, ferrous and nonferrous in turn, and numbered as they

appear in tatular presentations and discussions:

1. crude steel 7. tungsten
2. iron ore 8. copper
3. nickel 9. aluminum
4. manganese 10, platinum group
5. chrome 11. zinc
6. cobalt 12. tin

Again, as in the 1973 report, analysis will continue to consider the world

in ten subdivisions, with subtotals (1) for the U.S. and non-U.S. regions,

and again (2) for rich nations and poor nations. This "regionalization,"

perhaps more functional than geographic, represents an effort to

differentiate within these large two world subdivisions. Each of the ten

groups is considered to have a high enough degree of homogeneity to justify

common assumptions with respect to changes in intensity-of-use of raw

materials and in rates of total economic growth. Where individual country

[3 9
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patterns reflect significant differences, some supplementary study was

undertaken. ;exile for some materials (nickel &lid the platinum group, for

example) data availability required some regional changes in the analysis

and this is of course evident in the text) there was no analytic reason to

adopt alternative svbcategorization in the present study. The major use

canters for materials are treated as a single region (U.S., Japan, U.S.S.R.,

for example), or as a fairly unified total of countries (Western Europe,

Eastern Europe); similarly, with respect to use behavior in the large

components of the poor lands. Consideration of ten urngions" as against

a larger number undoubtedly cost some detail in the results, but the study

justifies the belief that it did not introduce arbitrary elements in the

demand projections.

These legions are defined as follows, againwith number designations

for textual presentation:

1. Western Europe - OECD countries in Europe

Z. Japan

3. Other Developed Lands - Australia, Canada, Israel, New Zealand,
South Africa

4. Union of Soviet Socialist Republics

5. Eastern European Countries - Soviet Bloc countries plus Albania,
Yugoslavia

6. Africa - minus South Africa

7. Asia - minus Israel, Japan, Mainland China and related areas

8. Latin America

9. China - plus Mongolia, North Korea, North Vietnam

10. United States - plus Puerto Rico and overseas islands

11. World - Sum 1-10
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12. El:LI World - Sum 1-9

13. Poor Nations - Sum 6-9

14. Rich Nations - Sum 1-5, 10

Before presetting specific estimates for GDP and GDP
ipopnlation in

i
D
t

1985 and 2000, and for iG-- for each i in those years, some observation'
t

are made on the procedures employed. In all theta measures, the historical

record was initially assembled from 1951 to 1975 and where available from

1934-1938. Essentially all national product data and all population data

were taken from United Nations sources. The output was converted to U.S.

dullars in 1971 pr'.ces on the basin of exchange rate data. Estimation was

undertaken for areas and periods only when they were not reported by the

United Nations. For the U.S.S.R. and for Mainland China, for which offic:

data are not conceptually comparable with much of the remaining world, the

adjusted figures prepared by specialist groups were used. Specifically,

for the U.S.S.R., the gross product data are from reports prepared for the

Joint Economic Committee of the V S. Congress over the past decade; for

China the same source has publications at least from 1972. For the most

part, the historical record was examined in the form of five-year averages,

with recourse to individual years only to trace patterns of marked change

within a five-year period, a problem that arose especially for rigions

composed of diftarent countries not usually analyzed as a single unit, e.g.,

"C ~her Developed Lands."

On the population front, the U.N. data alone were the source of all

the numbers in the present study.'

395



376 THE NONFUEL MINERALS SECTOR

The basic historical tables on GDP and GDP per person, more or less

to date, are thus these five-year averages in 1971 U.S. dollars. Again,

they pr ,ride the available factual record. Projections for 1985 and 2000

'ere made entirely by estimating two average growth rates for GDP, one for

the ten-plus years to 1983 from the 1971-75 average, and the other for the

25-plus years to 2000. While an important consideration in these estimated

growth rates for GDP was the record of growth rates of past years, the

basic factor was the expectation derived from underlying doctrine on

economic expansion. With respect to population growth to 1995 and to 2000,

reliance was placed on the most recent working paper of the Population

Division of the United Nations Secretariat.
1

The GDP/population estimates

for 1985 and 2000 were than derived.

The 1985 and the 2000 statistics are not statistical extrapolations.

One could perhaps argue that mo rn :lotions have the knowledge and the

capacity to generate higher GDP growth rates than they had a generation or

so back. The evidence from 1951 does not reveal that these potentials

have become realities, nor is there much basis today for arguing that such

knowledge and capacity will stasure higher rates in the future. Thus, in

only two of the ten region, the average growth rate for 1966-1975

higher than for 1951-1960. In any event, the actual record is for large

year-to-year variations in most regions. Moreover, there is increasing

appreciation that the determinant forces for growth lie in the aspirations

and commitment to economic expansion on the part of public and private

lin particular, PoulLtiorxibSex and Age for Ream's and Countries,
1950-2000. As Assessed in 1973: Medium Variant, ESA/P/WP60, 25 February

1976.

39t).
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leaders, much more than in resources endowment and supply and in technology.

On the one hand, this analytic view plays down the role of materiais limits

to growth, and thus nnhances the prospect for future progress. On the

other hand, this view stresses the role of leadership and its determination

to cope with whatever deterrents impede achievement of a nation's growth

goals. Recent developments in this respect cannot be judged propitious in

many of the world's regions, a matter discussed in B below.

While the intellectual content of the economic development process

rema-as a matter of some controversy today, the actual record of growth in

various parts of the world in the years to the early 1970s did lend support

to the decisive role of 221111x inputs in growth achievement in rich lands.

And the relative unimportance, of the returns to quality inputs in poor

Lands was held most responsible for their uncertain economic performance.

The accompanying diagram (Figure A-1) reflects these contrasts impressionis-

1
tically. It suggests that the growth returns to effective leadership-for-

growth became increasingly more important in total growth of rich Lands, as

against the growth returns from more labor and more capital of constant

qual-ty. On the poor nation side, limited performance from quality inputs

resulted in much lower roles of growth than supplies of capital resources

and of number of workers could have permitted.

The course of development in both of these world components was

interrupted by the world recession of the mid-1970s. In some measure, this

setback was itself a reflection of a leadership crisis. But even if more

1
For a brief summary account of the underlying economic arguments,

with references to the theoretical literature and an illustration in the
caSe of India, see Wilfred M41enbaum, Modern India's Economy, Merrill, 1971,
pp. 117-23.
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Fig. 2-1.--Relative Economic Growth Trends in Rich and Poor Lands due to Human
Factors (Quality Input) and Material Factors (Quantity Input):
A Schamatic Representation, 1870-1973, Rich Lands; 1943-1973, Poor Lands.
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emphasis is given CO the role of the natural resource crises of the 1970s --

to food, raw materials, petroleum -- recovery has been hampered by quality

input diffi:ulties stemming from diffusi^n of quality inputs in rich lands

and from diversion of interest from quality co quantity inputs in poor

Lands. Both prompt conservative expectations of long-term rates of economic

growth, in rich as well as poor nations (III below).

Intensity-of-use data were assembled for essentially the same time

intervals, 1951-75, with occasional data for 1934-38. They are of course

presented hers on the same regional bases as were GDP, population and GDP/

population. Again, our materials use data are from the accepted world

sources, notably national and international organizations in the publiC

sector, e.g., U.S. Bureau of Mines, U.K.'s Statistical Summary of the Mineral

Industry, U.N. Department of Economic and Social Affairs, and occasional

specialized private groups associated with producing and processing

interests (e.g., Germany's Metal Statistics). Specific sources appear on

text tables. Insofar as possible, "use" was considered on the basis of

raw materials as such. It was not extended to the material embodied in

finished product form. The consumption concept was "apparent consumption,"

or production minus exports plus imports plus changes in stocks. Again,

the data are broadly available, with exceptions already noted and amply

referenced in the report. However available in published form, much of the

materials data have not previously been assembled in consistent sets of

regional tables on a world basis. The intensity-of-use ratio was of course

obtained by division with the GDP figures discussed earlier.

It is this measure that receives major research attention is this

study. As already indicated, the very concept has a technological ring.
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It is apparent that the values of these measures differ significantly as

among the world's regions, as they do in each region over time. Presumably,

the measure for each i depends upon industrialization, economic sophistica-

tion, resources position and other factors for which the world does offal* a

wide range of patterns. And these factors change over time, notably with

industrial and economic development. Use of materiallinputs must be

associated with the specific products and services a nation produces- -the

output of automobiles, or the miles people travel in a year, or the extant

of electrification, as examples. And every measure of materials use should

be accounted for fully in such itemized outputs. To do this wad certainly

be a major research undertaking even for the relatively few countries where

statistics on use detail are available. Any projected use - intensity would

require many specific assumptions about future product use. Hence,

reliance 'needs to be put on more general attributes of the demand for

materials, derived from past relationships and the theory that helps explain

them.

Treads and patterns of past intensity-of-use data were studied; they

offer several possibilities for the future. On occasion, the past record

suggested a more or less direct extrapolation to 1985 or to 2000. More

common was evidence of a reversing pattern with intensities growing over a

period and then contracting. There is some evidence of association with

per capita income levels. On the whole, intensity-of-use measures for all

regions of the world do seem to reveal some systematic patterns. These are

discussed below, with special regard to these factors: actual changes in

final goods and SGTViCOS (in which the materials are inputs) as per capita

income grows; the development of new technologies that make for more
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efficient materials use; the possibilities of substitution among materials

as technology, demand and supply alter relative materials prices. All

these and the extensive analytic and descriptive literature on materials

use do provide some guides for projecting the appropriate intensity level

for 1985 and 2000 (see Figure A72). As in the case of GDP, economic theory

helped also, particularly doctrine on commodity substitution with demand

and technological change, and with the price and policy adjustments related

to these changes.

In the last analysis, however, systematic consideration of these

guides and possibilities needed to be supplemented by the judgment of the

research worker. For the present report as in the initial study, this

subjective input was the 'responsibility of one individual, the principal

researcher on this project. As with the "answers" for rates of national

growth to the years 1985 and 2000, the "answers" on intensity-of-use of

each material in those years reflected consistent judgments, conditioned by

a vast assembly of pertinent data (and published and other expert opinion),

the economic rationale of past performance, and theories of economic

equilibrium, change, and growth.

Materials requirements for 1985 and 2000, with comparable statistics

on historical use, are treated in section V. The "answers" for the future

permit ready comparisons of materials consumption over time and among

important subdivisions of the world. They also provide a point of brief

departure to questions of supply-demand relationships and to materials-

supply and economic growth relationships.

Finally, emphasis must again be given to the truth that the main

components of the research program rest on a common basic assumption: the

401
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Pig. 2 -2- -Intensity -of-Use and GDP per Capita: An
Impressionistic Representation

GDP/pop. ($)

40 -,
....;



EXCERPTS FkOM -WORLD DEMAND FOR RAW MATERIALS IN 1985 AND 2000" 383

growth of nations has an internal dynamic. That is, long-term growth is

not governed by supply limitations of any specific input materials nor is it

limited by any inelasticity of total output imposed b, supply or demand of

materials. This assumption made it possible to proj4tt national and world

economic growth in one part of the research effort without regard to the

materials deeds appraised in the other part of the study. A nation meets

its needs for materials in the pursuit of its economic, social, and political

objectives. This assumption is consistent with the theory of economic

growth held to be relevant to experience in the modern world of the past

two centuries or so. In addition, the research on past materials consump-

tion, and indeed the results developed below, are themselves testimony to

the diversity of materials usage in the modern world. As relative supplies

shift, as demands alter, as techniques of use change, as price ratios vary,

rules of operation are altered. These adjustments are the tools by which

man and society obtain and use materials they need. This is how it has been;

the extensive past experience augurs well for the future.

But the tools must cope with what promise to be progressively greater

tasks. Poor nations must have higher levels of living; populations grow

at record rates; oinerals production generates environmental hazards.

There is need for continuous and imaginative study of the alternatives in

supply and requirements of materials, and for governmental and intergovern-

mental policy and Actions based or luck study. Still, the past record tells

us Oast such efforts can be undertaken with the expectation that the world's

materials resources can continue to serve the world's aspirations for

social and economic progress. The world's materials resources will govern

such objectives only if research and policy needs are neglected.

403
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III. World Economic Growth.: The Prospect for 1945 and 2000

The record of national growth throughout the world has been subjected

to thorough analysis over the past thirty years. Scientific mastery of

the datarminanti of national growth was thought to have been achieved:

fiscal and monetary policies, resource and knowledge transfers became common-

place tools, broadly available to nations through a growing body of

practitioners in business, public and academic life. This intellectual

achievement was even paralleled by an extraordinary growth achievement from

mid-century for almost twenty-five years. GDP grew at very rapid rates,

seemingly without past parallel, and quite generally throughout the regions

of the world. Despite record levels of population growth, output per

person moved ahead even in the poor lands, and again without early parallels.

But the miracle faltered. Neither theoretical knowledge nor recent

achievement offers today any assured growth prospects for the decades ahead.

Despite the impressive overall growth perforzarce in third world lands,

careful analytic studies have for some years been suggesting that so-called

"quality" inputs ware playing a progrz.asively diminished role in national

growth. Indeed, poor-nation economies and societies were becoming more

dualistic, with widening gaps among labor-intensive and capital-intensive

sectors, between an increasing percentage of poor and a small percentage of

rich. With such internal developments, these nations were not able to make

effective use of their actual productive endowments, nor of the further

increments in these resources potentially available to them. Basically

national leaders in these lands were not able or not willing to stimulate,

in the public or the private sector, greater output per parson on the part

of the maximum possible segment of their populations.

404
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Note has bear made of the contrastin growth forces in the rich and

successful lands and in those in the faltering economies of the poor lands,

even in the years from 1950 through 1973. But by the mid-1970s the contrast

was becoming has apparent. lie rich economies were themselves suffering

from internal divisiveness, from leadership activities geared to gains of

only part of ttke society. In any event, the present world recession

emerges as an economic state not responsive to the growth tools of past

decades. In rich as well as poor nations, new tasks await new

leadership. New quality inputs that will serve to integrate each national

economy are essential if high growth rates are again to be achieved,

Supplies of labor, technology and related skills--standard inputs of theories

of growthcontinue of course to b needed. But historical analyses of

actual growth in rich lands on the one side, and of world experience with

accelerated development efforts poor nations over two-three decades on

the other, suggest that supplies of the traditional inputs in whatever

measure cannot of themselves assure sustained economic progress.

Man and society seam less able to use these standard inputs effec-

tively. This has become apparent in recent decades especially as supplies

(including education, technolou and skills) have expanded dramatically

in most of the world's countries. The poor nations need to engender deeper

commitments to economic expansion on the part of workers, so many of whom

are essentially self-employed and hence decision-makers. It is necessary that

national institutions involve these workers more directly in development

activity. The early priorities for government policy need to focus on

increments in employment, with emphasis on the compatibility of maximum

employment and maximum output goals in what can be characterized as an

40 6
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essentially persistent state of disequilibrium in the economy. These

requirements were emphasized with respect to problems of poor-nation growth

in the 1973 report, but the current economic outlook for the world's rich

Lands calls for a similar emphasis. Underutilized people and underutilized

capital facilities and underutilized technological knowledge and skills

defy efficient use; institutional changes and new operational systems need

exploration, tasting and implementation. The quality of leadership over

the next decades will be the fundamental determinant of the economic progress.

Unhappily, the operational course to that and is not straightforward.

The gross product outlook for 1985 and 2000 cannot be any mechanical

extrapolation of the ratord of the past twenty-five years or so. The

rates of future growth offered here for the next decade and for the turn of

the century reflect judgments on the extant to which new and different

economic and social policies will in fact dominate in the various regions

of the world. Similar considerations prevailed in NOMP'1973, but develop-

ments over the intervening years prompt a greater respect for the difficulties

that must now be overcome.

The actual growth rates (to 2000) used in the present report differ

for the most part from those applied in NCMP 1973. On the whole, the

persistent development problems in the rich Lands over the past four-five

years altered in some degree the earlier growth expectations for the rich

relative to the poor categories of nations. It is true that implementation

of programs for quality inputs has long-term roots in the developed Lands.

But the need to shift to an employment emphasis poses difficult decisions

in these capital-inter. -ive economic structures. Nor can progress in the

poor nations be dramatic, however great the development potential such

,1 t)
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activities can promise. And poor - cation preoccupation with old formulas

on economic development may at best offer occasional short-term gains and

limited long-term growth benefits. So, pending pursuit of new development

strategies, GDP average growth rates are expected to have low levels

relative to those of the 1951-75 era.

Finally, the protected growth rates reflect the judgment of the

principal investigator, with full regard to other research and appraisals

available on the current scene with respect to world economic development.

Tables 3-1.1 -3 -1.3 provide estimated rates of growth to 1985 and

to 2000 for GDP, population and GDP per person, respectively.

Some historical base data are included in these tables for ready

comparison, but further detail for past years are availablein Appendix

Tables 3-I - 3-III. Corresponding data for actual average levels of GDP,

population and GDP per person (U.S. Ss, 1971 prices) are given in Tables

3 -2.1 - 3-2.3. (Again, Appendix Tablas - 3-111 arc more complete on

past years.) These are reported for the two major world subdivisions and

for the ten world regions. Where NCMP 1973 prepared comparable estimates

for the year 2000, these are shown alongside the projections of the present

study.

World GDP is shown to be growing at an average rate of 3.5 percent

-between 1971-75 and 1985, and by 3.3 percent between 1971-75 and 2000.

These contrast with an actual rate of 4.7 percent per year from 1951-75.

Total real product will thus increase by more than 50 percent from 1971-75

to 1985 and by 150 percent from 1971-75 to 2000. These statistics for

world gross product as a whole, and indeed for the U.S.-non-U.S. and for

the poor nation-rich nation subgroups of the world, are lower than were the

407
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Table 3-1.1

World GDP, Annual Growth Rates*: 1951-2000

Region 1951-75 1975-85 1975-2000**

1. W. Europe 4.5 3.3 3.2 (3.5)

2. Japan 9.3 4.2 4.1 (5.0)

3. ODL 4.7 3.4 3.3 (3.75)

4. U.S.S.R. 5.5 3.6 3.4 (4.0)

5. E. Europe 4.9 3.7 3.5 (3.5)

6. Africa 5.1 3.5 3.4 (3.4)

7. Asia 4.9 3.3 3.2 (3.5)

8. L. America 5.6 3.7 3.6 (3.75)

9. China 4.3 3.5 3.3 (4.2)

10. U.S. 3.6 3.3 3.2 (3.8)

12.P..11

11. World 4.7 3.5 3.3 (3.8)

12. Non-U.S. World 5.2 3.5 3.4 (3.8)

13. Poor Nations 5.0 3.5 3.4 (3.8)

14. Rich Nations 4.6 3.5 3.3 (3.9)

Source: Table 3.2.1; also see text, section III.

*
Annual rates based on 5-year periods; thus 1951-75 refers to 20-year

period from 1951-55 to 1971-75.

1975-85 refers to 12.5-year period from 1971-75 to a 5-year period
centered at 1985.

1975-2000 refers to 27.5-year period from 1971-75 to a 5 -year period
centered at 2000.

**
Bracketed rates are comparable magnitudes estimated in an earlier

study, RCMP 1,73 (see taxt).
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Table 3-1.2

World Population, Annual Growth Rates*: 1951-2000

Region 1951-75 1975-85 1975-2000**

1. W. Europe 0.9 0.8 10 (1.1)

2. Japan 1.1 0.9 0.8 (1.0)

3. ODL 2.3 2.0 1.8 (1.3)

4. U.S.S.R. 1.4 1.0 1.1 (1.5)

5. E. Europe 0.8 0.8 1.,0 (1.0)

6. Afrfca 2.4 2.7 2.4 (2.6)

7. Asia 2.5 2.7 2.4 (2.2)

8. L. America 2.9 2.8 2.6 (2.8)

9. China 1.8 1.6 1.4 (1.4)

10. U.S. 1.5 1.0 1.0 (1.2)

Totals

11. World 2.0 2.0 1.8 (1.8)

12. Nun-U.S. World 2.0 2.0 1.9 (1.9)

13. Poor Nations 2.3 2.4 2.1 (1.9)

14. Rich Nations 1.2 1.0 1.0 (1.2)

Source: Table 1-2.2; also see text, section III.

*
As earlier.

**As earlier.
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Table 3-1.3
t

World GDP Per Capita, Annual Growth Rates*: 1951-2000

Region 1951-75 1975-85 1975-2000**

1. W. Europe 3.6 2.5 2.2 (2.5)

2. Japan 8.2 3.3 3.3 (4.0)

3. ODL 2.4 1.4 1.5 (2.5)

4. U.S.S.R. 4.1 2.6 2.3 (2.6)

5. E. 4.1 2.9 2.5 (2.5)

6. Africa 2.7 0.8 1.0 (0.9)

7. Asia 2.4 0.6 0.8 (1.3)

8. L. America 2.7 0.9 1.0 (1.0)

9. China 2.5 1.9 1.9 (2.9)

10. U.S. 2.1 2.3 2.2 (2.6)

11.

Totals,

World 2.7 1.5 1.5 (2.0)

12. Non-U.S. World 3.2 1.5 1.5 (2.0)

13. Poor Nations 2.7 1.1 1.3 (1.9)

14. Rich Nations 3.4 2.5 2.3 (2.7)

Source: Table 3-2.3; also sea text, section III.

*
As earlier.

**As earlier.
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Table 3-2.1

World GDP: 1951-2000
(Billions of U.S. $, 1971 prices)

Region 1951-55 1971-75 1985

1. W. Europe 389 936 1405

2. Japan 44 258 431

3. ODL 73 183 278

4. U.S.S.R. 210 617 960

5. E. Europe 86 227 357

6. Africa 26 71 109

7. Asia 77 201 302

8. L. America 67 200 315

9. China 62 144 221

10. U.S.

ot"..-111

557 1122 1684

11. World 1591 3960 6062

12. Non-U.S. World 1034 2836 4378

13. Poor Nations 232 617 947

14. Rich Nations 1159 3344 5115

2000**

2226 (2590)

779 (1070)

447, (490)

1547 (1680)

585 (575)

178 (18;)

478 (680)

529 (620)

352 (480)

2668 (3135)

9789 (11495)

7121 (8360)

1.537 (1965)

8252 (9530)

Source: See Appendix Table 3-I; also see text, section

**
As earlier.
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Tat :e A-2.2

World Population: 1951-2000
(Millions of People)

Region 1951-55 1971-75 1985 2000**

1. W. Europe 314 279 419 498 (510)

2. Japan 87 108 122 133 (140)

3. ODL 41 64 82 105 (90)

4. U.S.S.R. 189 250 282 336 (375)

5. E. Europe 110 130 144 171 (170)

6. Africa 218 354 493 680 (700)

7. Asia 726 1199 1672 2301 (2160)

8. L. America 170 299 422 605 (650)

9. China 594 852 1038 1248 (1335)

10. V.S. 160 214 242 281 (300)

110-11

11. World 2609 3848 4916 6358 (6430)

12. Non-U.S. World 2448 3635 4674 6077 (6130)

13. Poor Nations 1708 2703 3625 4834 (4845)

14. Rich Nations 901 1144 1291 1524 (1585)

Source: See Appendix Table 3-11; also see text, section

ore
As earlier.
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Table 3'2.3

World GDP Per Capita: 1951-2000
$, 1971 prices)

legion 1951-55 1971-75 1985 2000**

1. W. Europe 1238 2469 3353 4470 (5059)

2. Japan 507 2389 3532 5857 (7643)

3. ODL 1788 2869 3390 42574 (5444)

4. U.S.S.S. 1106 2469 3404 4604 (4480)

5. E. Europe 788 1747 2479 3421 (3382)

6. Africa 120 202 221 262 (264)

7. Asia 106 168 181 208 (315)

8. L. AM4riCS. 393 671 746 874 (954)

9. China 104 168 213 282 (360)

10. U.S.

kali

3472 5250 6959 9495 (10450)

11. World 609 1029 1233 1540 (1788)

12. Non-U.S. World 422 781 937 1172 (1364)

13. Poor Nations 136 228 261 318 (406)

14. Rich Nations 1508 2922 3962 5415 (6013)

Source: See Appendix Table 3-111; also see text, section III.

**
As earlier.
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projections in the 1973 report. If the 1951-75 growth rates were expected

to continue, world GDP in 2000 would be shown in the $13-14 trillion range,

in contrast to an $11 trillion figure in NCMP 1973 and just below $10 trillion

in the present report (Table 3-2.1). Lower rates are considered appropriate

broadly through the world. In some small degree they do reflect the later

data (1973 through 19711'vailable for the present report: the scale of

world recession exceeded pre-1973 expectations. But, as indicated earlier,

the basic reasons for the present projections of significantly lower GDP

growth rates stem from the current state of economic growth theory and

knowledge. While NCMP 1973 was alert and explicit with regard to new

forces in the economic growth process, their nature and strength have taken

clearer form over the last five years or so. It seems hard to believe

today that only a few years back (during 19'5-733as noted earlier) demand

projections for raw materials were based on average GDP growth rates in the

5-6 percent range for a thirty-year time interval. This would have meant

a doubling of world GDP each 12-13 years - -a five-fold increase. The world

estimates of Table 3-1.1 foresee an interval of at least twenty years with

an increase below 2.5-fold.

A few additional observations on the 3-2 tables will be helpful. Thus

U.S. GDP continues its decline as a share of world GDP, but the rata of

decline is significantly smaller in 1975-2000 than in 1951-75. As Table

3.1.1 shows, these postwar decades were marked by appreciably higher GDP'

growth rates in the non-U.S. worlds Special circumstances were contributory

here: reconstruction activities in Europa and Japan, the overall conserva-

tism of domestic economic policy in the U.S. In the future, the challenges

outlined earlier will confront economic growth efforts in all areas, as
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Table 3-1.1 also reveals. The poor nations together have made slow out

persistent progress as reflected in their share of world GDP. In 1985 and

2000, the share increasesabove current levels of some 15 percent, but only

by a percentage point or so.

Despite the present outlook for lower GDP growth rates, Tables 3-1.3

and 3-2.3 show continued progress in GDP per parson for all the world's

regions in 1985 and 2000. The average levels in the world's poor nations

will continue to decline as ratios of the average levels for the world's

rich lands. The data of Table 3-2.3 and of Appendix Tables 3 reveal a

significantly better relative growth performance for Mainland China than

for the other poor nations together. This is attributed in important

measure to growth efforts that serve to enhance labor productivity for vary

Large parts of China's population. No comparable evidence has emerged for

very large population groups in other poor regions. With the major

differences in popUlation growth rates- -past and future in Table 3-1.2--

narrowing the gap in per capita product requires significantly higher GDP

growth rates in the poor than in the rich nations. This is not considered

a likely development over the next decade or even generation.

Note must be mode here of the contrast between this last statement

and the seemingly much more hopeful possibilities recently announced by the

United Nathms on the basis of a new study of the world growth outlook.)

Essentially, this publication presents a prospect for the achievement to

2000 of a very such more rapid rata of GDP growth in all the poor lands

inginsaaelirldEconom, A United Nations Study by Wassily
Leontief, 21.11., New York, Oxford University Press, 1977.
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taken together. It speaks of annual growth rates for these nations in the

5.5-7.5 percent range, with an overall average (1970-2000) of 6.9 percent

or more. This contrasts with the actual 5 percent of 1951-75 and the

3.4 percent projected for 1975-2000 in Table 34-1.1. It also speaks of

some slackening in the growth rates of rich nations, to an average of 3.6

percent (as against the 3.3 percent of Table 3-1.1). Mostly the poor-nation

acceleration would result from changes in existing political, social and

institutional deterrents to economic expansion in these lands, although in

some measure it would also benefit from significant increments in new

capital inflows somehow sparked by the poor-nation endowment in raw materials.

The U.N. deceleration in the rich nation growth rate is presented as the

obverse effect of the net transfer of resources to the poor nations.

There are impo tent gains to the world in a restructured GDP that

generates income flows that are more egalitarian among nations than are

current and recent flows. Social and pyschological gains might well exceed

whatever economic losses could occur. But there ere strong arguments that

the noneconomic benefits might actually be accompanied by economic gains;

indeed, that maximum economic gains do require some such restructured flow

of world GDP. What may be of greater concern than the desirability is the

possibility of generating significantly changed international income flows

over the next decades. What social, political and institutional adjustmentr

are needed to this end are essentially unspecified in the U.N. study;

there is reference to domestic property and income redistribution objectives

for the poor nations. Such actions would require a vary new and very

different approach to the bulk of the population on the part of indigenous

leadership and power groups.
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Curreut development emphasis in moat of the poor nations draws from

the activities of what was called the"Committee of 77" in the U.N.) with

its focus on the potential economic and political gains from the natural

resource endowments of the poor Lands. This em,hasis actually plays down

the fundamental role of internal, political, social, institutional and

economic impediments to progress. Without a new rhilosophy on broad

participation in action programa within the poor lands, the scope for addi-

tional growth gains through capital transfers continues to remain limited.

On the other side, it is hard to foresee international transfers over the

next decade or so appreciably larger in relative magnitude than have recently

prevailed. Nor is this outlook attributable to donor nation concern that

larger transfers would reduce the rich world's own rates of GDP growth.

For they need not; the fundamental determinants of economic expansion today

lie outside any essentially mechanical and material endowment area.

For such reasons the present study has made use of GDP developments

summarized in Tables 3-1 and 3-2. They are held to portray realistic orders

'f magnitude for world economic expansion over the next two-three decades.

With emu both the GDP and GDP per capita elements of the demand relation-

ship are in hand. Intensity-of-materials use, the third element, is

discussed in the next section of this report.
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IV. Intensity-of-Use

The preceding argument has drawn upon relevant theory and observation

to establish orders of magnitude for future races of growth in total

product, in population and thus in future GDP per person. These estimates

were directed At time spans pertinent to current action for economic and

social change: a decade, by 1985 and a generation, by 2000. Estimates for

these dates were made separately for each of the ten component parts in

which the world is considered here. For reasons explicit in the argument,

_these future growth rates for total product and per capita product are

different, and lower, than were those presented in the 1973 study. Indeed,

the present conclusion is that output growth rites over the next two-three

decades will average significantly below those prevailing in the decades

from 1950-1975. However, the basic thrust of the 1973 argument remains

the same: human, quality aspects of the world's societies provide the

propelling forces for economic expansion. Judgments on these inputs, not

on any quantity of materials inputs, were the decisive elements in the

determination of the product figures for 1985 and 2000.

Nonetheless, per capita product is expected to be growing throughout

the world over the period to 2000. The average per capita income gap

between the rich and poor nations continues to widen absolutely and rela-

tively. And the world continues to aspire to economic progress.

Important quantitative differences are also revealed in the new

study with respect to the future levels of the third element basic to the

methodology of the present analysis: the intensity of use of raw materials.

As indicated in the background section, the present work included a larger

number of materials as well as a lengthier time span than did the initial

study. These provided an improved base for factual observation. The

historical results, average intensity-of-use by five-year periods for each of

4-16 the twelve raw materials in each regional grouping, arc given in Appendix
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Tables to 4-XII. It is the patterns roweled in these data which

support projections to generally lower I-U levels than were provided by the

information available for. the 1973 report.

Again the basic data strongly endorse the earlier argument about

the changing "constants" of the relationship between materials use and total

output of goods and services. The enlarged body of data also supports the

early hypothesis of systematic relationships between intensity-of-use levels

in a region and its real per capita product over time. The changing inten-

sity patterns emerge clearly in text Tables 4.1 to 4-12; so also do the I-U,

GDP per capita relationships in Figures 4-1 to 4-12. The tables are dis-

cussed in broad terms in the following pages. Specific consideration of

individual materials than provid greater detail on past data as well as

the basis for specific I-U projections. All the considerations underlying

this presentation on the\U variable parallel those provided'in the 1973

report.
1

As there, the critical factors lie in the evolving GDP structure

of the individual world regions and in the materials substitution/displace-

ment through market and national policy forces) especially under the

stimulus of technological developments.

The text tables 'sake clear that for all materials considered here.

other than aluminum (9) and with qualification the platinum group of

metals (10)--world intensity of use has already reached historical peak

levels, mostly a decade or more back. Dy 1970, these levels were

below what had been assumed for that year in MCMP 1973. Moreover,

the data through 1975 document declines that had not yet become apparent

in the earlier work. It is in these respedts that the present study provides

strong additional empirical strength to the hypotheses on I-U patterns

presented in Sp 1973.

1
!CMP 1973,, pp. 9-10 especially. 4 19
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This inverted-U pattern for the world tends to be revealed even more

clearly in the subtotals for I-U in the non-U.S. world and in the rich

nations alone. This follows because there actually are two other reasonably

distinct I-U patterns in the 1950-75 data for the U.S. and for the poor

nations alone. In the former, the turning point in /-U was reached-at an early date

and for important raw materials (including iron, steel, copper, zinc, tin,

among other metals) prior to 1950. The present data seem simply to show

persistent I-U declines in the U.S. On the part of the poor nations there

is usually the reverse pattern of fairly steady increases in I-U over the

period of record hare. This last was also is likvek from the less complete

record in the earlier study. Now, however, there is same evidence of

slackening in the growth of I-U in some materials in important developing

lands. In contrast to the earlier view in NOW 1973, the present prospect

is that I-U for most materials will not continue to expand in poor nations

until high levels of economic development are in fact achieved. Rather)the

effects of technological advance elsewhere are spread to them at a relatively

early stage of economic growth. This upward I-U thrust from the poor nations

was earlier considered some counter to a downward I-U thrust from the rich.

The present study takes a somewhat modified general position: the overall

force to lower I-U for materials is a stronger one than was suggested in

the early work.

In sum, there is for most materials A broad world picture of declining

use intensity. A critical component is the position of the U.S., usually

the world's primary consumer of materials and from early years the world's

predominant industrialized nation. In the U.S. there has long been a

persistent downward movement in I-U. Other rich lands reflect the same
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pattern, with turning points for I-U levels at later dates than in the U.S.,

perhaps as they reached some specific level of industrial/economic progress.

pur capita GDP level of some 2000 U.S. 1971 dollars was suggested in

NCMP 1973.) The tendency to lower I-U levels was also explained in terms

of the contribution to that and made by technological progress. The generra

evidence now is that this factor can begin to be manifest at relatively

low-income stages of development through the technology spread from the rich

nations. In any event, several important low - income nations demonscrE

flatteninglif not declining1I-U levels even in the 1970s (and even before

any influence from the currant world recession) The force of structural

change, of substitution/displacement through technological progress can

of course expand materials use per unit of GDP. Among the materials studied

here, the sole evidence of long-period net increases in I-U are in aluminum

and in platinum-group metals. Currently these forces seem also to be a

slackening, if not yet a declining element in aluminum 1-3...
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